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I. INTRODUCTION 
Soil erosion remains a serious problem In the United 
States and particularly In the Midwest. The Impact is felt 
both from lost productivity and from off-site sediment 
damage. Practices for controlling soil erosion have been 
developed and are being improved upon. In order to apply 
these practices in an appropriate manner, one must be able 
to predict their effectiveness in controlling soil erosion 
in different situations. 
Currently the Universal Soil Loss Equation (USLE) is 
widely used to predict average annual soil losses 
(Wischmeler and Smith, 1978). While the USLE has been a 
valuable tool for the conservationist, the technology being 
used is nearly 40 years old. Also, the USLE is basically an 
empirical equation derived by obtaining the best statistical 
fit to erosion data. Many advances have been made in the 
past several decades in gaining a better understanding of 
soil erosion based on physical processes. This has led to 
the development of physically based erosion models using 
computer simulation techniques to predict erosion. Some 
examples include ANSWERS (Beasly, 1977) and CREAMS (Knisel, 
1980). 
In the current technology, the erosion process has been 
broken into two parts, rill and interrill erosion. This 
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results in separate soil erodibility values for each phase 
of erosion. At this time, however, little research 
information is available on how these erodibility values 
vary with different soil types, cropping systems, and time 
after tillage. 
The objective of this research was to determine the 
effect of time after tillage and different previous crops on 
rill and interrill soil erodibilities and on critical shear 
stresses. Field studies were conducted on two different 
soil types, on three different prior crops (soybeans, corn, 
and sod) at two different times after tillage. 
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ZI. REVIEW OF LITERATURE 
A. Introduction 
In the past, erosion prediction was based on empirical 
equations derived by a statistical fit to erosion data 
(Wischmeier and Smith, 1978). Modern erosion theory (Foster 
and Meyer, 1975) has looked at the basic physical processes 
involved in erosion and divided them into rill and interrill 
erosion. While runoff is the dominant erosive force 
affecting rill erosion, raindrop impact is the dominant 
factor producing interrill erosion (Meyer et al., 1975a). 
The review of literature that follows presents recent 
work conducted to better understand both rill and interrill 
erosion processes. The effect of previous crops and prior 
tillage on soil erosion are also discussed. 
B. Rill Erosion 
Rill erosion begins when the eroding capacity of the 
flow exceeds the ability of the soil particles to resist 
detachment by flow (Meyer et al., 1975a). As rills develop, 
the two main processes involved are detachment and transport 
by flow. Flow in the rills transport soil detached both by 
the flow and that delivered from the interrill areas. For 
most slopes with cohesive soils, the computed transport 
capacity of rill flow far exceeds the estimated sediment 
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load (Meyer et al., 1975a). Decreased transport capacity 
results when the slope flattens, the flow channel widens, 
ponding occurs, or flow Is retarded by surface mulches or 
vegetation. If the sediment load exceeds the transport 
capacity, deposition occurs. Deposition Is the reverse of 
detachment (Meyer et al., 1975a). 
Total rill erosion for an area can be modeled by 
modeling erosion In Individual rills (Foster and Meyer, 
1975). This may seem Impractical at first because of the 
large number of rills and varied geometries of the rills. 
In certain cases, however, such as row middles, this may be 
very reasonable and. In fact, advisable (Foster, 1982). 
Regardless of the method used to predict rill erosion, 
examination of erosion In a single rill Is valuable In 
understanding the processes Involved. 
Erosion rate In a rill Is assumed to be a function of 
flow hydraulics, specifically shear stress. As flow rate 
Increases or as slope steepens, rill erosion Is expected to 
Increase because shear stress Increases (Foster, 1982). 
Meyer et al. (1975b) conducted a field study to 
evaluate the influence of flow rate on rill erosion. Their 
data were found to be best fit by an equation of the 
following form: 
Et = Gr(Q-Qc) (1) 
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Where 
Et " erosion rate in a rill per unit of rill length 
(wt/time/length) 
6r = factor depending on a soil's susceptibility to 
rill erosion (wt/time/length/unit of discharge in wt/time) 
Q - rill discharge rate (wt/time) 
Qc = critical discharge below which rill erosion is 
negligible (wt/time) 
Their study was conducted on one soil at a single slope. 
Observations indicated that rill erosion was a complex 
combination of headcuts, detachment of soil by the shearing 
action of flow, and slumping of undercut sideslopes with 
subsequent removal by flow. Foster (1982) reported that he 
had obtained similar results in an unpublished but similar 
study. Both studies were conducted on freshly tilled ground 
similar to a seedbed prepared by moldboard plowing and 
disking at least twice. 
Rill erosion has more frequently been related to the 
average hydraulic shear than the rill flow rate. The 
average hydraulic shear per unit of wetted channel area is 
given as follows: 
T = wRS (2) 
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where 
T " average shear stress (N/m^) 
w • unit weight of water (N/m^) 
R « hydraulic radius (m) 
S " slope of the rill (m/m) 
The average hydraulic shear is also termed tractive force, 
drag force, or shear force. 
Foster (1982) analyzed rainulator data used by 
Wischmeier et al. (1971) to develop a soil erodibility 
nomograph and derived the following rill erosion equation: 
Er - 83.7 Kr t^'^ Cr (3) 
where 
Er = rill erosion rate (kg/m^ of total area/hr) 
t = average shear stress assuming broad shallow flow 
(N/af) 
Kr = soil erodibility factor for rill erosion 
(kg hr/N m^) 
Cr = a cropping-management factor 
This equation was written so that USLE K values can be used 
for Kr. On slopes from 9 to 23% Van Liew and Saxton (1983) 
also found that rill erosion was directly related to flow 
shear stresses. In their work, however, they found the 
exponent to be 0.95 rather than 1.5. 
More typically the relationship between rill erosion 
and hydraulic shear has taken the following form as 
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suggested by Foster and Meyer (1975): 
Dr - Kr(T-Tc)" (4) 
where 
Dr - rill detachment rate (g/m^/s) 
T = hydraulic shear (N/m^) 
To • critical hydraulic shear (N/m^) 
Kr = coefficient dependent on soil properties 
n - exponent 
In fitting this equation to rill erosion data taken by Meyer 
et al. (1975b), Foster (1982) gave values for n ranging from 
0.93 to 1.17. For modeling channel soil detachment in 
CREAMS (Knisel, 1980), a field scale erosion simulation 
program, an exponent value of 1.05 was used for n. 
Authors of some of the most recent work (Foster et al., 
1982a; Franti et al., 1985; Lane et al., 1987; and Laflen et 
al., 1987) have used equation 4 to describe rill detachment 
but have assumed the exponent, n, equal to 1. This results 
in an equation of the following form: 
Dr = Kr(T-Tc) (5) 
with the variables as defined as before. 
C. Interrill Erosion 
In interrill areas, raindrop impact is the dominant 
factor producing erosion (Meyer et al., 1975a). The very 
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thin film flow In Interrlll areas has little transport or 
detachment capacity. Raindrop Impact loosens nearly all the 
soil eroded from such areas. The turbulence created by 
Impacting raindrops greatly Increases the transport capacity 
of Interrlll flow. It Is by this mechanism that the 
majority of eroded soil from Interrlll areas Is delivered to 
the rills. For most soils and slope steepnesses, Foster et 
al. (1977) found that the potential of rainfall to detach 
soil particles limits Interrlll erosion more often than does 
the capacity of Interrlll flow to transport. 
Interrlll erosion rate Is Influenced by a number of 
factors. The most Important parameters are rainfall 
intensity, soil type, and cropping and management practices. 
Interrlll erosion Is assumed to be Independent of location 
on the slope (Foster, 1982}. 
Interrlll soil loss for a storm Is a function of the 
storm's energy. Using results of Free (1960) and Wlschmeler 
and Smith (1958), Foster and Meyer (1975) derived the 
relationship that Interrlll detachment rate Is proportional 
to i2*14 where 1 Is the maximum 30 minute Intensity 
(length/time) of a storm. Others using simulated rainfall 
also suggested that interrlll erosion is proportional to 1^ 
(Bubenzer and Jones, 1971; Moldenhauer and Long, 1964). 
Meyer (1981) applied simulated rainstorms ranging in 
intensity from 10 to 105 mm/h to row sideslopes at 22 
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different sites. The steepness of most of the row 
sideslopes was about 20%. He found that the effect of rain 
intensity on interrill erosion rate can be expressed as 
follows: 
E - al^ (6) 
where 
E " interrill erosion rate (t/ha/h) 
I " rainfall intensity (mm/h) 
a - coefficient 
b - exponent 
This expression fit erosion data for a wide range of soil 
and cropping conditions. The exponent, b, decreased as clay 
content of the soils increased. The change was 
approximately b » 2.1 - clay fraction. For soils with a 
clay content less than about 20% the exponent, b, could be 
taken as 2. 
Watson and Laflen (1986) studied the effects of soil 
strength, slope, and rainfall intensity on interrill 
erosion. They found no evidence that slope affects the 
intensity exponent, b, in the interrill erosion expression E 
= kib. The exponent, b, varied from 1.36 to 2.54 with no 
consistent trend. 
Soils, because of their inherent chemical, physical, 
and mineralogioal properties differ in their susceptibility 
to interrill erosion. Some soil properties known to affect 
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erodlblllty are primary particle size distribution, amount 
and type of clay, and clod size after tillage (Foster et 
al., 1977; Moldenhauer and Long, 1964; Bubenzer and Jones, 
1971; Moldenhauer and Koswara, 1968). 
Watson and Laflen (1986) found that soil shear strength 
measurements made in the field when the soil was wet could 
be used in predicting interrill soil erosion. They also 
indicated that the vane shear soil strength measurement 
could be used to provide estimates of a soil's 
susceptibility to interrill erosion. 
Lattanzi et al. (1974) found that interrill erosion is 
influenced much less by slope steepness than is rill erosion 
or total field erosion. Foster (1982) used data of Meyer et 
al. (1975a) and Lattanzi et al. (1974) to develop the 
following interrill slope factor: 
SI = 2.96(sin i)"79+0.56 (7) 
where 
i = slope angle of the interrill area 
In this equation, SI « 1.0 for a 9% slope. It is 
important to remember that the slope of interrill areas may 
be different from the average land slope. 
Watson and Laflen (1986) measured interrill erosion for 
plots with sideslopes ranging from 10 to 50%. They found 
that a variety of slope factor equations, with and without 
an intercept, fit their data well. While statistical 
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analysis showed slope to have a significant effect on 
interrlll detachment, the dominant factor was rainfall 
intensity. 
In recent work, (Lane et al., 1987) an equation of the 
following form was found to be adequate to express interrlll 
erosion: 
El - Kil^Ci (8) 
where 
El = interrlll erosion rate (kg/m^/s) 
Ki > interrlll soil erodlbllity parameter (kg s/m*) 
I = rainfall intensity (m/s) 
Ci = interrlll cover parameter (dimensionless) 
With an equation of this form, slope steepness is not 
considered and a constant intensity exponent of 2 is 
considered sufficient. Laflen et al. (1987) have used a 
similar expression for interrlll detachment. They do note 
that a slope function may need to be used to account for 
deposition in Interrlll flow on small slopes. 
D. Effect of Tillage 
Much of the effect of various tillage systems on soil 
erosion has been related to the amount of crop residues left 
after planting (Laflen et al., 1978; Siemans and Oschwald, 
1976; Laflen and Colvln, 1981; Johnson et al., 1979; 
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Andraskl et al., 1983) These studies have shown crop 
residues to be very effective In controlling soil erosion. 
In Interrlll areas, crop residue cover has been shown 
to give major reductions In soil erosion (Lattanzl et al., 
1974; Andraskl et al., 1983). There Is little Information 
available, however, on the effect of time after tillage on 
Interrlll soil erosion. Foster (1982) states that tillage 
Is assumed to have no effect on Interrlll erosion but to 
have a great effect on rill erosion. 
Wlschmeler (1975) gave an estimate of 55% reduction in 
soil erosion for long-term undisturbed areas. This was 
obtained from 10 years of soil loss records on a 12% slope 
of silt loam soil that was not tilled after the first year 
but was kept free of vegetation and traffic. The rate of 
soil loss per unit of EI decreased annually until it leveled 
off at about 45% of the rate for the first 2 years of the 
study. Foster (1982) credited all of the reduction in 
erosion to a reduction in rill erosion. 
There are data to confirm that rill erosion is greatly 
influenced by previous tillage operations. This results 
both from the amount of crop residue cover remaining and 
from the soil loosening effect of tillage. 
Numerous studies (Meyer et al., 1970; Mannering and 
Meyer, 1963; Kramer and Meyer, 1969) have shown that runoff 
velocities and soil erosion are reduced when surface mulches 
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are present. This translates into reduced rill erosion with 
increasing residue cover. Hussein and Laflen (1982) showed 
that 40% residue cover reduced rill erosion by 60-95%. Some 
of this erosion reduction actually results from local 
deposition of sediment behind pieces of crop residue 
(Brenneman and Laflen, 1982; Meyer et al., 1970; Van Liew 
and Saxton, 1983). 
Recent tillage can also loosen soil, making it more 
susceptible to rill erosion. When a soil lies idle, it 
apparently becomes more resistant to rill erosion. Foster 
et al. (1982b) described a field test with 64 mm/h simulated 
rainfall plus added inflow on 0.85 by 10.7 m plots. Erosion 
rate was a constant 7 kg/m^/h for discharge rates ranging 
from 0.85 L/s to 3.5 L/s. The soil had lain undisturbed 
since the previous crop year in a corn field that had not 
been moldboard plowed for at least 3 years before the test. 
Immediately after tillage with a rototiller, the erosion 
rate ranged from 20 to 120 kg/m^/h for the same range of 
discharge rates. Commenting on this study, Foster (1982) 
speculated that as soil consolidates over time after 
tillage, the critical shear stress increases significantly, 
which corresponds with observations for flow in larger 
channels (Graf, 1971). 
In an untilled, consolidated, soil, Alberts et al. 
(1980) found a similar situation where the erosion rate was 
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constant over a 10:1 ratio of highest to lowest flow rate. 
Rill erosion was significant, resulting in about 25% of the 
total erosion. 
Foster et al. (1980) proposed a range of critical shear 
stresses for moderately erodible soils depending on the 
tillage-consolidation condition. These values included 5 
N/m^ for a common seedbed for corn, 10 N/m^ for 1 month 
after last tillage, 20 N/m^ for 3 months after last tillage, 
and 30 N/m^ for long-term undisturbed areas. 
Laflen et al. (1985) reported that detachment by 
concentrated flow on no-tilled soil was only about 15% of 
that on a freshly tilled surface. Also, critical shear 
values for no-till were about double those of a freshly 
tilled surface. In a further description of this study, 
Franti et al. (1985) noted that the freshly tilled surfaces 
were tilled within 7 days of the test with a three-sweep 
cultivator while the no-till plots had not received tillage 
for a number of years. In contrast to Foster's (1982) and 
Alberts' et al. (1980) observations of a constant rill 
detachment rate for a consolidated soil, Laflen et al. 
(1985) measured increased detachment with increasing shear 
stress for the no-till plots. They also concluded that for 
low shear values, critical shear should be included in any 
equation for prediction of detachment by concentrated flow. 
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but critical shear can be omitted when shear values are 
large. 
E. Effect of Previous Crops 
It has long been recognized that the rate of soil 
erosion changes following different crops. Smith (1946) 
reported that corn following a grass and legume meadow 
allowed about 4.5 t/ha of soil loss while corn following one 
year of corn allowed 18 t/ha of soil loss. Soybeans after a 
jood grass and legume meadow allowed only 4 t/ha soil loss 
in contrast to nearly 10 t/ha when they followed corn. 
Foster (1982) indicated that land is much less erodible 
immediately after it is plowed out of meadow than it is when 
it is continuously tilled. Much of the credit is given to 
good soil structure and many roots left from the meadow, 
both of which reduce erosion. With continuous tillage, 
however, he states that the effect disappears in about 3 
years or less. 
Wischmeier and Smith (1978) give subfactors for the 
Universal Soil Loss Equation (USLE) that relate soil erosion 
to previous land use. These factors include both rill and 
interrill erosion. For land just plowed out of established 
meadow or permanent pasture, the subfactor ranges from 0.25 
for good meadow to 0.4 for poor meadow. At seedbed time in 
the second year, the range is from 0.70 for good meadow to 
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0.80 for poor meadow if corn was grown the previous year. 
By the third year, the effect of the meadow is gone, but 
continuous corn where residues are left in the field 
develops a residual effect that is estimated to vary from 
0.65 for high productivity to 0.78 for low productivity. 
For continuous tillage without crop production, the 
subfactor is 1.00. 
At the seedbed period for corn following soybeans, 
Wischmeier and Smith (1978) give USLE subfactors of 0.75 for 
high productivity to 0.86 for fair productivity. Comparing 
these factors with the ones just given for continuous corn 
would indicate that soybeans leave the soil 15% more 
erodible than does corn. 
Siemens and Oschwald (1978), using a rainfall simulator 
to evaluate tillage and cropping systems, reported soil 
losses two to three times greater after soybeans than after 
corn. They attributed the increased soil erosion after 
soybeans to a less stable soil surface, more rapid surface 
sealing, and slower infiltration. 
Over a 5-year period, Holdenhauer and Wischmeier (1969) 
found that soil erosion after soybeans was greater than that 
after corn. Their data would suggest soybeans leave the 
soil 40% more erodible than corn does. 
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Laflen and Moldenhauer (1979) reported on seven years 
of erosion results from natural rainfall plots comparing 
corn after soybeans, soybeans after corn, and continuous 
corn. While both corn and soybeans following corn had 
similar soil losses, corn after soybeans averaged over 35% 
more soil loss. This was a result of both higher runoff 
rates and higher sediment concentrations for the corn after 
soybeans than for the other two treatments. 
In a rainfall simulation study, Laflen and Colvin 
(1981) compared soil losses for three tillage systems and 
four corn-soybean cropping sequences at two locations. They 
found that differences in soil erosion following corn and 
soybeans could be explained by differences in crop residue 
levels. Either the effect of prior cropping of soybeans on 
soil loss was not present or was not detectable. 
In a similar but different study, Laflen and Colvin 
(1982) compared soil and water losses following corn and 
soybeans with three tillage systems and different row 
spacings. In this study it was quite apparent that soil 
erosion after soybeans was much greater than after corn, but 
much of this might have been due to differences in residue 
cover. Although there was considerable variability in the 
data, on the average, when there was no residue cover, soil 
erosion after soybeans was about 50% greater than after 
corn. 
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While there is considerable variation in the available 
research data, it appears clear that soybeans leave the soil 
more susceptible to erosion than corn. There is very little 
information, however, to determine if this is because of 
changes in rill erodibility, interrill erodibility, or both. 
F. Summary 
The review of literature describes the current erosion 
theory that divides soil erosion into rill and interrill 
erosion. Current information and estimates of the effect of 
tillage and previous crops on soil erosion were discussed. 
While considerable information is available in these areas, 
there is a paucity of data relating these items individually 
to rill and interrill credibilities. 
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III. METHODS AND PROCEDURES 
A. Experimental Approach 
Field experiments were conducted to determine the rill 
and interrill detachment rates, hydraulic shear stresses, 
and rainfall intensities on plots with different prior crops 
and times following tillage. Detachment rates were 
determined from flow rates and sediment concentrations. 
Hydraulic shear stresses were determined from flow depth, 
cross sectional area, and slope steepness measurements. 
Rainfall intensity was measured directly. These data were 
used to compute rill and interrill erodibility and critical 
hydraulic shear. 
The relationship used to describe interrill detachment 
is: 
Di = Kil2 (9) 
where 
Di = interrill soil detachment rate (g/m^/s) 
Ki = interrill soil erodibility parameter 
(g/m^/s)/(mm/min)^ 
I = rainfall intensity (mm/min) 
The relationship used to describe rill detachment is: 
Dr = Kr(T-Tc) (10) 
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where 
Dr - rill soil detachment rate (g/m^/s) 
Kr " rill soil erodibility parameter (g/s/N) 
T " average hydraulic shear stress (N/m^) 
Tc = critical shear stress for detachment (N/m^) 
This equation gives rill detachment rate as a linear 
function of the hydraulic shear stress above the critical 
shear stress. Below the critical shear stress, no 
detachment is assumed to occur. A typical relationship 
between hydraulic shear and rill detachment is shown in 
Figure 1. The rill soil erodibility is the rate of increase 
in soil detachment for a unit increase of hydraulic shear 
above the critical shear. It is represented by the slope of 
the line in Figure 1. The critical shear stress is the 
stress below which no rill detachment occurs. It is given 
by the x-axis intercept in Figure 1. 
B. Experimental Sites 
Two experimental sites were selected on distinctly 
different soils. The sites were located in western Iowa in 
the Honona-Ida-Hamburg Soil Association and in central Iowa 
in the Clarion-Nicollet-Webster Soil Association. 
Most of the soils in the Monona-Ida-Hamburg Soil Association 
are formed from thick deposits of loess which overlie 
glacial till. The topography of the association is 
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Figure 1. Relationship of rill detachment to hydraulic 
shear 
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moderately to strongly sloping. The experimental site 
chosen was on a Monona silt loam soil (fine-silty, mixed, 
mesic Typic Hapludoll). The average land slope was 10%. 
The parent material in the Clarion-Nicollet-Webster 
Soil Association is primarily glacial till. The topography 
of the association is predominantly gently rolling to nearly 
level. The experimental site chosen was located on Clarion 
loam (fine-loamy, mixed, mesic Typic Hapludoll). The 
average land slope was 5%. More complete descriptions of 
these soils are found in Oschwald et al. (1965). 
C. Plot Treatments 
Three treatments consisting of the prior crops of corn, 
soybeans, and meadow were randomly selected on nine plots at 
each location. This allowed for three replications of each 
treatment. The plots were selected from plots that had been 
part of a long term tillage study involving corn-soybean 
rotations. The meadow plots were chosen from adjacent areas 
that were in a long term legume-grass sod. 
Plots were located in an up and down hill manner. The 
corn and soybean plots were selected from plots that in 
previous years had been moldboard or chisel plowed. 
To evaluate the effect of time after tillage on the 
soil parameters of interest, the plots were divided so that 
the early rainfall simulation immediately after tillage was 
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done on the lower half. The later simulation was conducted 
on the upper half of each plot. 
D. Plot Preparation 
The first field operation was rotary mowing all the 
plots to chop the corn stalks and mow off any vegetation. 
On the sod plots, all of the hay was raked off prior to 
tillage. Plots were then prepared by moldboard plowing to a 
depth of 20 cm. After plowing, the plots were lightly 
disked. 
Rills were formed on the plots with four cultivator 
shanks on 50 cm spaclngs (Figure 2). The cultivator shanks 
were run to a depth of 20 cm to Insure no compaction zone 
existed above the plowing depth. The rill forming tool 
worked well In the row cropped areas but there were some 
problems with clumps of sod hanging up on the cultivator 
shanks in the meadow plots. After preshaping the rills with 
the cultivator toolbar, the rills were hand shaped with 
garden rakes. The lower plots that were to be tested just 
after tillage were covered with plastic immediately after 
shaping to prevent any natural rainfall from consolidating 
the soil prior to rainfall simulation. Information 
concerning timing of operations is given in Table 1. 
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Figure 2. Forming of rills with a four shank cultivator 
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Table 1. Plot tillage operations prior to rainfall 
simulation 
Tillage operation 
Castana 
Western 
Iowa 
Date 
Ames 
Central 
Iowa 
Mowing 
Plowing 
Disking 
Ridging 
Hand Rake and 
Cover Rills 
6-4-86 
6—5—86 
6-5-86 
6-27-86 
6-27-86 
6-27-86 
6-6-86 
6—9—86 
6-9-86 
6—19—86 
6—19—86 
6—20—86 
Two rills were formed on each plot for rill erosion 
measurements. A metal border was placed at the top end of 
each pair of rills which were 9 m long. Plot sides were 
formed by the ridges 0.5 m apart built when the rills were 
constructed. Collector troughs were driven in flush with 
the soil surface at the lower end of the plot. Flow from 
each plot was directed through a 5 cm plastic pipe to a 
collection pit outside the rainfall circle. These 
collection pits were drained by trenches dug down slope. An 
example of these arrangements is shown in Figure 3. 
In addition, three interrill plots measuring 0.75 m long 
parallel to the rill and 0.50 m perpendicular to the rill 
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Figure 3. Troughs and pipes used to collect rill runoff 
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were established for measuring Interrlll erosion. Two of 
the plots were flat, one of which was covered with a furnace 
filter to absorb the raindrop Impact and the other was left 
bare. These were used for Infiltration measurements not 
connected with this study. The third Interrlll plot was 
sloped similar to the rills with a small metal collector In 
the bottom of the rill to carry runoff (Figure 4). 
Steel posts were driven Into the ground outside each 
set of rills and aluminum angle pieces were clamped to the 
posts. These were used as reference points for taking 
rlllmeter and point gauge readings. Three such stations 
were Installed on each plot at approximately 2, 5, and 8 m 
downslope from the top of each plot. 
Prior to rainfall simulation the Invert of each rill 
was surveyed with a rod and level to determine the slope 
steepness. The average slope steepness of each rill for 
both early and late rainfall simulations Is given In Table 
2. Rlllmeter readings (McCool et al., 1976) were also taken 
prior to rainfall. 
E. Rainfall Simulation 
The rainfall simulation was conducted using a rotating 
boom rainfall simulator (Swanson, 1965) as shown in Figure 
5. The plots were arranged so that two plots could be 
tested simultaneously (Figure 6). 
r 
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Figure 4. Interrlll erosion plot 
Figure 5. Rotating boom rainfall simulator 
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Rill 
Plots 
Rainfall 
Simulator Infiltration 
Plots 
Interrill 
Erosion 
Plot 
Collector Pipes 
Figure 6. Typical layout of rill and interrill plots 
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Table 2. The average % slope and treatment of the rill 
plots at both locations 
% SLOPE OF RILL PLOTS 
AMES CASTANA 
Plot Early Late Treatment Early Late Treatment 
IR 4.0 2.6 Soybeans 11.3 12.0 Soybeans 
IL 4.2 2.2 11.3 12.6 
2R 4.3 2.9 Soybeans 12.0 12.5 Corn 
2L 3.9 3.0 11.9 13.1 
3R 3.9 4.2 Sod 11.7 12.4 Corn 
3L 3.8 4.0 11.4 12.3 
4R 3.9 3.4 Corn 12.6 11.8 Soybeans 
4L 3.9 3.3 12.8 12.1 
5R 4.2 3.0 Soybeans 11.8 12.3 Sod 
5L 3.8 2.9 11.8 11.4 
6R 3.8 3.3 Sod 11.9 12.9 Sod 
6L 3.8 2.9 12.1 12.2 
7R 7.3 7.2 Sod 12.9 12.3 Corn 
7L 7.2 6.9 12.9 11.9 
8R 6.4 6.2 Corn 12.3 12.2 Soybeans 
8L 6.3 6.5 12.2 11.8 
9R 5.0 4.8 Corn 12.9 11.6 Sod 
9L 5.5 4.9 12.9 12.2 
On the freshly tilled plots, the rainfall simulations 
were conducted on June 24 and 25 at Ames and on July 1 and 2 
at Castana. On the consolidated plots, rainfall simulations 
were conducted on July 21 and 22 at Ames and on July 28 and 
29 at Castana. The amount and timing of natural rainfall 
between the early and late rainfall simulations are shown in 
Table 3. 
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Table 3. Rainfall occurring after shaping rills and before 
the late rainfall simulation at both locations 
Date Rainfall Amount (Inches) 
Ames Castana 
6—21—86 0.14 
6—22—86 0.86 
6-27-86 0.07 0.13 
6-28-86 0.40 
6-29-86 0.67 T 
6-30-86 2.79 1.30 
7—5—86 T 
7-6-86 1.31 0.35 
7-7-86 0.10 
7-8-86 0.02 
7-9-86 0.02 0.21 
7-10-86 0.45 0.47 
7-11-86 0.28 0.43 
7-12-86 0.24 0.04 
7-13-86 0.03 
7-25-86 0.18 
Rainfall was applied at approximately 65 mm/h until 
runoff was nearly constant, usually about 1 h after rainfall 
began. During this time, rill and interrill flow rates and 
sediment samples were collected on 5 min intervals. All 
data on interrill erodibilities were collected during this 
time. 
Runoff flow rates were measured gravimetrically by 
collecting runoff in buckets for a measured length of time, 
10 to 60 s, and then weighing them on an electronic balance 
accurate to 0.01 kg. A sediment concentration sample was 
collected in a 1-liter jar immediately after taking a flow 
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rate sample. Sediment concentrations were later determined 
using an evaporation method (Guy, 1975). These sediment 
concentrations were used to correct the measured runoff rate 
and to calculate soil erosion rates. 
Near the end of the Initial rainfall, water surface 
elevations were measured using point gauges accurate to .025 
cm (Figure 7). Runoff velocities were also measured over 6 
m of rill length with a surface applied dye. Rainfall was 
then stopped and rlllmeter readings were taken by 
photographing (color slides) the rlllmeter at positions 2 ,  
5, and 8 m downslope from the top of the rills (Figure 8). 
Elevations of the channel bottom were taken at these same 
positions. Soil strength measurements were made Insltu In 
the bottoms of the rills and on the rill sldeslopes. These 
measurements were made using the fall cone, pocket 
penetrometer and the torvane shear devices. 
The rainfall was then begun again, continuing at the 
prior rate, until runoff stabilized near the previous 
equilibrium rate. Then clear water was added at the top of 
each rill at a rate of about 8 L/min. This water was added 
through calibrated nozzles that discharged into plastic 
cylinders burled at the tops of the rills (Figure 9). The 
water then came up through fine wire mesh screen which 
dissipated most of the energy and minimized any scour 
because of flow addition. 
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Figure 7. Measurement of water surface elevations 
Figure 8. Rillmeter measuring a rill cross section 
Figure 9. Equipment used for flow additions 
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When flow stabilized, usually in a minute or less, two 
runoff rate and sediment concentration samples were taken, 
water surface elevations were measured at three locations on 
each rill, and runoff velocities were measured. Flow 
addition rates were then increased by approximately another 
8 L/min and the same measurements repeated. This step-wise 
increasing of Inflow rates was repeated up to an added 
Inflow rate of about 40 L/mln. After measurements were 
made, the rainfall and flow additions were stopped. Soil 
strength, rill meter, and rill bottom elevation measurements 
were again made. Then, flow (with no rainfall) was again 
added in 8 L/mln steps as before up to 48 L/min and the same 
measurements were made. After flow additions ended, final 
soil strength, rill bottom elevations, and rill meter 
measurements were made. No case was noted where the rill 
eroded down to a "non-erodlble" plow layer. 
A series of five ralngauges were used to determine the 
actual rainfall intensity. These were used only during the 
Initial rainfall while Interrlll measurements were being 
taken. 
F. Erddlblllty Determinations 
Interrlll soil erodlblllties were calculated for each 
sloped Interrlll plot. These were based on the measured 
rainfall intensities and the average of the last four 
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measured Interrlll erosion rates for each plot. Values were 
calculated as follows: 
Ki - Ei/l2 (11) 
where 
Ei = Measured interrlll erosion rate (g/m^/s) 
The other variables are as previously defined. 
Flow depths for the different runoff rates were 
calculated from the measured water surface elevations. 
Because rill bottom elevations were not measured at each 
flow addition, they were interpolated between measurements 
taken when water was not flowing. The rill bottom elevation 
was assumed to change in proportion to the rate of flow 
addition. 
The hydraulic radii and wetted perimeters were then 
calculated from the computed flow depths and the rill meter 
measurements. The total rill widths were also computed and 
compared to photographic measurements made of the width of 
the flowing water during rainfall simulation and flow 
additions. 
The average hydraulic shear stress for each flow 
addition rate was calculated using equation 2. An average 
of the three measured hydraulic radii along with the 
measured slope steepness for each rill was used to calculate 
the average hydraulic shear for each flow addition rate. 
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The rill erosion rates measured during rainfall 
simulation and flow addition were reduced by the expected 
interrill erosion, based on the small interrill plots. 
These reduced erosion rates were then divided by the area of 
rill to calculate a rill detachment rate per unit of rill 
area. The area of rill was calculated from the average 
width of rill for each flow rate times the rill length. 
Linear regression was then used for each rill, 
regressing rill detachment rate versus average hydraulic 
shear stress. The slope of the regression line is Kr, the 
rill erodibility. The critical hydraulic shear, Tc, is 
calculated as follows: 
Tc - -i/Kr (12) 
where 
i = the regression intercept 
A similar procedure was performed with the data collected in 
the absence of rainfall. In this case, detachment rates 
were calculated directly from measured erosion rates because 
no interrill erosion was occurring. Linear regression was 
used as before to calculate rill erodibilities and critical 
shear stress values in the absence of rainfall. 
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IV. RESULTS AND DISCUSSION 
A. Introduction 
Rill and interrill soil detachment rates, rill widths, 
rainfall Intensities and tractive forces of flowing water 
were used to estimate soil erodibility and critical tractive 
force parameters. In this chapter these parameters are 
analyzed for differences between previous crops, locations, 
and timing of rainfall following tillage. Soil erodibility 
parameters are related to soil strength measurements. 
B. Interrill Erosion 
The average Ki interrill erodibllities for each 
previous crop, time, and location are given in Table 4. 
Complete listings of interrill detachment rates, rainfall 
intensities, and Ki values are given in Appendix A. 
While there are variations in the values in Table 4, there 
appears to be some trends of effect by previous crop and 
time after tillage on Ki. The sod plots had the lowest Ki 
in three out of four cases and in the fourth, (Castana-late) 
it was virtually the same as the soybean and corn plots. 
While the Ames location showed a decrease in the average Ki 
when the soil had time to consolidate after tillage, at 
Castana the average Ki went up slightly at the later time. 
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Table 4. Average Interrlll Soil Erodlblllty, Kl In 
g/vr/min/ (mm/mln) ^ 
Location 
Rainfall 
Simulation Soybeans 
Previous 
Crop 
Corn Sod Avg 
Ames Early 28.5 33.8 27.1 29.8 
Late 19.7 26.6 15.5 20.6 
Castana Early 32.0 29.7 20.7 27.5 
Late 31.1 32.0 32.9 32.0 
Average 27.8 30.5 24.1 
Several analyses of variance were conducted on the Kl 
values to determine where significant differences may have 
occurred. The results are shown In Table 5, Table 6, and 
Table 7. For Ames, as can be seen from Table 5, Kl 
decreased significantly (p = 0.039) from the early rainfall 
simulation to the late rainfall simulation. For Castana, 
however, there was no significant difference (p = 0.260) In 
Kl between the early and late rainfall simulation. As shown 
In Table 7, when averaging over all data, the timing of 
rainfall was not significant (p = 0.350). The Interaction 
just described between location and rainfall timing was 
shown to be highly significant (p = 0.009) In Table 7. No 
other Interaction was significant. 
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Table 5. Analysis of variance of Kl for Ames 
Source of Sum of Mean Significance 
Variation DF Squares Squares F Level 
Sim. Time 1 379.16 379.16 9.09 .039 
Error of Time 4 166.87 41.71 
Prior Crop 2 249.76 124.88 3.01 .106 
Interaction 2 15.64 7.82 0.19 .832 
Error of Crop 8 331.92 41.49 
Total 17 1143.35 
T-Test Between Cell Means 
Corn vs. Sod t - 2.40 p - 0.043 
Table 6. Analysis of variance of Kl for Castana 
Source of Sum of Mean Significance 
Variation DF Squares Squares F Level 
Sim. Time 1 
Error of Time 4 
Prior Crop 2 
Interaction 2 
Error of Crop 8 
Total 17 
92.93 92.93 
216.67 54.17 
78.55 39.27 
142.01 71.01 
560.55 70.07 
1091.72 
1.72 0.260 
0.56 0.592 
1.01 0.405 
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Table 7. Analysis of variance of Kl for all data 
Source of Sum of Mean Significance 
Variation DF Squares Squares F Level 
Location 1 183.54 183.54 3.45 0.075 
Crop 2 254.07 127.04 2.39 0.113 
Time 1 48.33 48.33 0.91 0.350 
Loca X Crop 2 74.23 37.12 0.70 0.507 
Crop X Time 2 40.00 20.00 0.38 0.690 
Loca X Time 1 423.76 423.76 7.97 0.009 
Loca X Crop 2 117.65 58.83 1.11 0.347 
X Time 
Error 
Total 
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35 
1276.01 
2417.61 
53.17 
T-Test Between Cell Means 
Corn vs. Sod t = 2.18 p = 0.040 
Soybeans vs. Sod t = 1.26 p = 0.220 
This lack of major differences In Interrlll erodlblllty 
with time after tillage Is consistent with previous 
speculation by Foster (1982) that time after tillage has no 
effect on Interrlll erosion. 
In examining the effect of previous crop on Kl, the 
differences were not large and at times Inconsistent. At 
Ames, the sod treatment gave a significantly lower Kl than 
the corn treatment (Table 5, p = 0.043). At Castana, 
however, there were no significant differences because of 
previous crop (Table 6, p = 0.592). In looking at the 
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complete data set in Table 7, the corn and sod treatments 
again showed a significant difference (p - 0.040). Soybeans 
however, which are often assumed to leave the soil more 
erodible than corn, did not show a significant difference in 
Ki (p - 0.220) from the sod treatment. 
The average Ki for Castana (29.7) was slightly higher 
than the average Ki for Ames (25*2). The analysis in Table 
7 would indicate that this difference (p = 0.075), while not 
highly significant, does indicate a strong trend for a lower 
interrill erodibility at Ames. 
Thus it appears that any differences in interrill 
erodibility, Ki, because of previous crop or time after 
tillage, tend to be minor in nature. The most noticeable 
trend was for a slightly lower interrill erodibility for the 
sod treatment. 
The effect of soil strength on interrill erodibility 
was examined by regressing Ki versus vane shear strength. 
The average of six measurements taken on the rill sideslopes 
just after initial rainfall was used as the vane shear 
strength. The regression results are given in Table 8 and a 
scatter plot of the data with the regression line is shown 
in Figure 10. 
While there is considerable scatter in the data as 
indicated by the r-sguared of 0.1346, both the intercept 
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Table 8. Regression of Ki, Interrlll soil erodibility, 
versus vane shear strength 
Correlation coefficient - -0.367 Degrees of Freedom - 34 
R-Sguared = 0.135 S. E. of Estimate = 7.84 
Coefficient Estd Std Error T-Value Significance 
Intercept 35.53 3.74 9.49 0.000 
Slope -30.75 13.37 -2.30 0.028 
N 
S 40-
e 
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UELYie Shear 
Figure 10. Scatter plot of Ki versus vane shear with the 
least squares regression line 
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(p » 0.000) and the slope (p - 0.028) are significantly 
different from 0. The negative slope of the regression line 
indicates that as soil strength increases, the interrill 
erodibility decreases. This strong negative correlation of 
Ki to vane shear is similar to that found by others (Watson 
and Laflen, 1986; Elliot et al., 1988). 
C. Rill Erosion 
The average Kr and Tc rill erodibility parameters along 
with the r^ of the regression line for each rill at both 
locations and rainfall simulation times are given in Tables 
9, 10, 11, and 12. Complete listings of the measured rill 
erosion rates, rill widths, rill detachment rates, and 
hydraulic shear values are given in Appendix B. 
While there is considerable variation between rills and 
plots, some trends become apparent rather quickly. In 
nearly all cases, the average rill erodibility, Kr, for the 
sod treatment is lower than for either the corn or soybean 
treatment. The exception to this is for the Ames-late 
rainfall simulation. The reason for this will be discussed 
later. There does not appear to be large overall 
differences in Kr values between early and late rainfall 
simulations. The average rill erodibilities for Castana 
tend to be higher than those at Ames. 
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Table 9. Rill erosion summary for the Ames Early rainfall 
simulation 
Plot Kr 
Rain 
To 
+ FJow 
Kr 
Flow 
To 
IL 2.6 -0.2 0.63 2.2 2.1 0.60 Beans 
IR 3.6 0.7 0.84 6.5 1.1 0.91 
2L 3.6 -0.2 0.69 2.0 1.2 0.79 Beans 
2R 2.1 0.3 0.94 7.6 3.8 0.99 
3L 1.8 -0.1 0.78 1.0 -0.5 0.87 Sod 
3R 3.0 -0.4 0.64 1.9 0.1 0.91 
4L 4.2 0.2 0.61 2.2 0.8 0.69 Corn 
4R 6.5 -0.4 0.62 1.1 -3.8 0.23 
5L 4.6 -0.2 0.19 2.7 0.8 0.80 Beans 
5R 2.4 0.6 0.88 1.7 0.2 0.63 
6L 3.1 1.1 0.96 0.9 -1.1 0.73 Sod 
6R 5.3 0.2 0.46 0.4 -5.8 0.09 
7L 2.0 2.4 0.76 0.9 1.3 0.78 Sod 
7R 1.0 1.5 0.91 1.0 1.5 0.74 
8L 1.3 -0.3 0.91 2.2 2.1 0.94 Corn 
8R 2.8 1.1 0.78 3.9 2.6 0.87 
9L 2.7 0.7 0.92 3.3 1.3 0.69 Corn 
9R 9.9 1.2 0.92 3.0 2.3 0.92 
Summary 
Rain + Flow Flow Only 
Kr To Kr Tc 
Beans 3. 1 0. 2 3. 8 1.5 
Corn 4. 6 0. 4 2. 6 0.9 
Sod 2. 7 0. 8 1. 0 -0.7 
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Table 10. Rill erosion summary for the Ames Late rainfall 
simulation 
Rain + Flow Flow Only 
Plot Kr Tc r^ Kr To r^ 
IL 15.5 0.3 0.75 8.4 0.3 0.78 Beans 
IR 5.4 0.0 0.56 8.2 0.6 0.83 
2L 13.0 0.3 0.87 3.1 -2.2 0.12 Beans 
2R 6.1 —0.6 0.38 7.4 0.3 0.65 
3L 6.6 0.2 0.75 1.2 0.8 0.85 Sod 
3R 5.8 0.1 0.49 0.9 -0.4 0.12 
4L 2.0 -1.8 0.41 1.4 0.5 0.81 Corn 
4R 7.3 0.3 0.64 1.0 0.1 0.90 
5L 6.3 —0.5 0.70 3.6 0.9 0.64 Beans 
5R 3.9 -0.9 0.74 4.5 0.8 0.63 
6L 2.9 0.7 0.81 1.3 0.0 0.59 Sod 
6R 2.4 0.9 0.94 2.2 1.6 0.76 
7L 0.7 -1.7 0.21 0.4 1.8 0.91 Sod 
7R 1.5 1.0 0.90 0.4 2.0 0.65 
8L 1.0 0.6 0.99 0.9 1.5 0.63 Corn 
8R 2.0 0.2 0.85 1.2 1.5 0.81 
9L 2.0 1.2 0.62 1.1 1.9 0.79 Corn 
9R 4.8 0.4 0.56 0.5 0.6 0.72 
summary 
Rain + Flow Flow Only 
Kr Tc Kr To 
Beans 8.4 -0.3 5.9 0.1 
Corn 3.2 0.1 1.0 1.0 
Sod 3.3 0.2 1.1 1.0 
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Table 11. Rill erosion summary for the Castana Early 
rainfall simulation 
Rain + Plow Flow Only 
Plot Kr Tc r^ Kr To r* 
IL 4.6 0.9 0.88 7.8 -0.3 0.95 Beans 
IR 8.7 2.5 0.65 7.1 -0.7 0.57 
2L 4.1 3.1 0.84 8.4 6.3 0.74 Corn 
2R 2.5 0.0 0.82 8.3 5.0 0.78 
3L 2.5 0.1 0.96 4.0 2.0 0.85 Corn 
3R 3.4 0.6 0.99 8.5 7.9 0.76 
4L 6.3 7.9 0.87 2.0 -18.6 0.62 Beans 
4R 37.3 4.8 0.98 12.2 -1.9 0.82 
5L 2.3 2.0 0.74 5.7 7.2 0.97 Sod 
5R 5.3 4.0 0.84 10.7 3.6 0.95 
6L 2.7 2.1 1.00 11.9 6.4 0.99 Sod 
6R 4.7 2.5 0.92 2.5 1.2 0.98 
7L 16.1 1.9 0.99 8.2 2.5 0.95 Corn 
7R 16.4 3.1 0.96 4.9 -20.4 0.45 
8L 11.3 3.5 0.88 15.0 2.9 0.83 Beans 
8R 10.6 4.1 0.97 4.3 0.3 0.83 
9L 4.6 -0.4 0.71 5.4 4.6 0.98 Sod 
9R 3.3 5.4 0.95 5.5 8.3 0.96 
Summary 
Rain + Flow Flow Only 
Kr Tc Kr Tc 
Beans 13.1 3.9 8.1 -3.0 
Corn 7.6 2.8 7.8 -2.9 
Sod 3.8 2.6 6.9 5.2 
Table 12. Rill erosion summary for the Castana Late 
rainfall simulation 
Rain + Flow Flow Only 
Plot Kr To r^ Kr To r^ 
IL 7.5 0.0 0.83 8.6 6.6 0.96 Beans 
IR 3.5 1.4 0.91 23.8 6.7 0.93 
2L 2.7 -2.0 0.84 2.3 -6.6 0.95 Corn 
2R 8.7 -0.7 0.85 9.1 4.8 1.00 
3L 16.9 4.0 0.98 43.8 4.1 0.72 Corn 
3R 13.2 3.4 0.97 23.5 4.5 0.88 
4L 2.2 -5.2 0.90 12.8 8.5 0.92 Beans 
4R 12.3 1.7 0.94 8.5 3.0 0.92 
5L 2.8 -7.6 0.30 4.9 4.1 0.79 Sod 
5R 4.3 -3.9 0.64 2.7 0.7 0.95 
6L 4.6 2.1 0.79 1.2 -6.0 0.57 Sod 
6R 2.0 2.5 0.85 5.0 4.6 0.96 
7L 5.1 0.8 0.81 7.9 -1.7 0.77 Corn 
7R 6.8 0.5 0.91 12.4 1.6 0.97 
8L 3.3 1.4 0.90 6.5 0.7 0.87 Beans 
8R 9.0 4.8 0.88 8.2 1.6 0.92 
9L 0.9 —8.8 0.49 1.7 2.9 0.85 Sod 
9R 3.9 -2.2 0.69 2.6 3.1 0.99 
Summary 
Rain + Flow Flow Only 
Kr To Kr Tc 
Beans 6. 3 0.7 11. 4 4. 5 
Corn 8. 3 -0.5 13. 1 1. 8 
Sod 3. 1 -3.0 3. 0 1. 6 
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Critical shear values, Tc, are extremely variable and 
have no discernible pattern to them. They are also, on the 
average, low in comparison to the range suggested by Foster 
(1982). He suggested values ranging from 5 N/m^ Immediately 
after tillage to 10 N/m^ one month after tillage. In only 
one case (Castana, early simulation, sod treatment, with 
flow addition only) did the average Tc exceed 5 N/m^. 
Elliot et al. (1988) in a similar type study on freshly 
tilled soils measured critical shear values ranging from 0.6 
to 4.4 N/m^ with an average of 2.5 N/m^. The critical shear 
values measured in this study fall well within this range. 
There does not appear to be any increase in Tc 1 month after 
tillage as suggested by Foster (1982). 
1. Rill erodlbllltv 
Before any analysis was conducted to look at treatments 
and time of rainfall application, the entire data set was 
analyzed to see if there were differences between rills on a 
plot or measurements made with and with out rainfall. The 
results are shown in Table 13. Only the previous crop had 
any significant affect (p = 0.0011) on Kr values. Neither 
left or right rill, flow additions with or without rainfall, 
or any associated interactions showed any significance. The 
remainder of the analysis was conducted combining the data 
from flow additions with and without rainfall and left and 
right rills. 
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Table 13. Analysis of variance of Kr by crop, with and 
without rainfall and left or right rill 
Source of Sum of Mean Significanci 
Variation DF Squares Squares F Level 
Crop 2 500.4 250.20 7. 13 0.0011 
Rainfall 1 0.02 0.02 0. 0006 0.9813 
L or R Rill 1 36.21 36.21 1. 03 0.3112 
AB (Interact) 2 9.98 4.99 0. 14 0.8673 
BC (Interact) 1 10.70 10.70 0. 30 0.5813 
AC (Interact) 2 21.35 10.67 0. 30 0.7378 
ABC (Interact) 2 12.25 6.12 0. 17 0.8397 
Error 132 4624.81 35.03 
Total 143 5215.77 
T-Test Between Cell Means 
Soybeans vs. Sod t = 3.6277 p = .0004 
Corn vs. Sod t - 2.7314 p = .0072 
The next step in analysis was to examine the effect of 
location, previous crop, and timing of rainfall after 
tillage on the rill erodibility, Kr. 
A summary of the rill erodibility, Kr, is given in 
Table 14. In all situations the sod treatment gives the 
lowest Kr value. There is an overall trend for the corn to 
give a lower Kr than soybeans. Timing of rainfall 
application appears to have very little affect on Kr values. 
The average Kr over all crops for Ames was 3.4 while for 
Castana it was 8.0. 
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Table 14. Rill erodlblllty, Kr, by previous crop, location, 
and timing of rainfall after tillage 
Soil and 
Rainfall Timing Previous Crop 
__E2Y5SSD2_____ Corn sod 
Ames 
Early 3.5 3.6 1.9 
Late 7.1 2.1 2.2 
Average 5.3 2.9 2.0 
Castana 
Early 10.6 7.3 5.4 
Late 8.8 12.7 3.0 
Average 9.7 10.0 4.2 
Overall Ave. 7.5 6.4 3.1 
An analysis of variance of the total data set is given 
in Table 15. The difference between locations is highly 
significant (p = 0.0000) as is the differences between 
previous crops (p = 0.0001). In conducting t-tests to 
determine differences between crops, the sod treatment is 
significantly less than the soybean (p = 0.0001) and the 
corn (p = 0.0021) treatments. While there is a trend for a 
lower Kr for corn than soybeans, they are not significantly 
different (p = 0.304). 
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Table 15. Analysis of variance of Kr for all data 
Source of 
Variation DP 
Sum of 
Squares 
Mean 
Squares 
Significance 
F Level 
Location 
Crop 
Time 
1 
2 
1 
755.56 
500.41 
14.69 
755.56 
250.21 
14.69 
28.58 
9.47 
.56 
0.0000 
0.0001 
0.4573 
Loca X Crop 
Crop X Time 
Loca X Time 
Loca X Crop 
X Time 
2 
2 
1 
2 
148.15 
54.66 
1.36 
251.69 
74.08 
27.33 
1.36 
125.85 
2.80 
1.03 
.05 
4.76 
0.0643 
0.3585 
0.8210 
0.0101 
Error 
Total 
132 
143 
3489.24 
5215.77 
26.43 
T-Test Between Cell Means 
Corn vs. Sod t = 3 .14 P = 0.0021 
Soybeans vs. Sod t = 4 .18 P = 0.0001 
Soybeans vs. Corn t = 1 .03 P = 0.3040 
Differences between early and late rainfall simulations 
are not at all significant (p = 0.457). There does appear 
to be some interaction effects between location and previous 
crop as well as three-way interactions that need to be 
examined further. 
The Ames data and Castana data were analyzed 
separately. The results of this analysis are given in Table 
16 and Table 17. At both locations there are significant 
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Table 16. Analysis of variance of Kr for castana 
Source of Sum of Mean Significance 
Variation DF Squares Squares F Level 
Sim. Time 1 3.56 3.56 
Error of Time 22 1027.52 46.71 
Prior Crop 2 510.82 255.41 
Interaction 2 224.48 112.24 
Error of Crop 44 2088.06 47.46 
Total 71 3854.44 
0.08 
5.38 
2.36 
0.785 
0.008 
0.106 
T-Test Between Cell Means 
Corn vs. Sod t - 2.91 
Soybeans vs. Sod t » 2.77 
p » 0.006 
p =» 0.008 
Table 17. Analysis of variance of Kr for Ames 
Source of Sum of Mean Significance 
Variation OF Squares Squares F Level 
Sim. Time 1 12.49 12.49 1. 82 0.191 
Error of Time 22 151.17 6.87 
Prior Crop 2 137.75 68.87 13. 62 0.000 
Interaction 2 81.87 40.94 8. 10 0.001 
Error of Crop 44 222.49 5.06 
Total 71 605.78 
T-Test Between Cell Means 
Corn vs. Sod t = 1.26 P = 0.214 
Soybeans vs. Sod t = 5.02 P - 0.000 
Soybeans vs. Corn t = 3.76 P = 0.001 
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differences between previous crops. At Castana the sod 
treatment Is significantly lower than the corn (p « 0.0057) 
and soybean (p - 0.0082) treatments. At Ames, however, both 
the corn (p > 0.0005) and sod (p » 0.0000) treatments are 
significantly lower than the soybean treatment. Also at 
Ames, the corn and sod treatments are not significantly 
different (p - 0.214). 
At both locations the time of rainfall simulation had 
no significant Impact on the Kr values (Castana p > 0.785 
and Ames p - 0.1913). At Ames there also was significant 
Interaction between the time of rainfall simulation and 
previous crops (p = 0.001). 
In looking at why the two locations reacted 
differently. It appeared that plots 7, 8, and 9 at Ames were 
giving different results from the first six plots. Plots 7-
9 were not contiguous to other plots and were located on 
steeper slopes (see Table 2). This seemed to have little 
effect during the early rainfall simulation when the average 
Kr for the first six plots was 3.0 while and the average Kr 
for plots 7-9 was 2.8. During the late rainfall simulation, 
the average Kr for the first six plots was 5.0 while for 
plots 7-9 the average Kr was 1.4. 
Field notes made during the late rainfall simulation 
indicated that natural rainfall in the preceding month had 
deposited sediment in the rills. On plots 1-6 it was this 
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material that was being eroded during most of the flow 
additions. On plots 7-9, however, because of steeper slopes 
total erosion rates were higher and this deposited material 
was quickly removed. The underlying soil was much more 
resistant to erosion and gave much lower Kr values. This 
was noted both during the rainfall simulation and in the 
measured erosion rates. It was noted, however, that the 
rills had not been eroded down to the depth of tillage. 
This soil, that had been tilled and then consolidated, gave 
Kr values approximately 1/2 those of the early rainfall 
simulation (see Table 18). While these three plots are not 
enough to conclude that one month of soil consolidation will 
reduce rill erodibility by 50%, they may be more 
representative of the effects of time after tillage than 
plots 1-6. 
Table 18. Comparison of Kr for Ames early and late rainfall 
simulations on plots 7, 8, and 9 
Previous Rainfall Simulation 
Plot Crop Early Late 
7 sod 1.22 0.75 
8 Corn 2.55 1.27 
9 Corn 4.73 2.12 
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The interaction of previous crop, location, and 
rainfall timing was caused primarily by the low Kr values of 
plots 8 and 9 which had been in corn. This lowered the 
average Kr for the Ames-late corn treatment. This put it 
close to the sod Kr value unlike any of the other locations 
or rainfall timings. 
The effect of soil strength on rill erodlbility was 
examined by regressing rill erodlbility versus vane shear 
strength. The average of six measurements taken in the rill 
channel just after initial rainfall and at simulation's end 
were used for the vane shear strength. The average Kr for 
flow additions with and without rainfall on each rill was 
used as the rill erodlbility. The regression results are 
given in Table 19 and a scatter plot of the data with the 
regression line is shown in Figure 11. 
Considerable scatter in the data resulted in a low r^ 
of 0.091. However, both the slope (p = 0.010) and intercept 
(p = 0.000) of the regression line are significantly 
different from zero indicating significant correlation of 
soil vane shear strength and rill erodlbility. The negative 
slope of the regression line denotes that as soil strength 
Increases, rill erodlbility decreases. 
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Table 19. Regression of Kr, rill soil erodlblllty, versus 
vane shear strength 
Correlation coefficient » -0.301 Degrees of Freedom - 70 
R-Squared = 0.091 S. E. of Estimate - 5.02 
Coefficient Estd Std Error T-Value Significance 
Intercept 9.34 1.51 6.19 0.000 
Slope -12.99 4.92 -2.64 0.010 
E 3B-
H 
\ ZB-
u) 
odP 
Uane Slieax* 
Figure 11. Scatter plot of Kr versus vane shear with the 
least squares regression line 
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2. ÇFitiçal shêâE 
The calculated critical shear values, Te, showed a 
great deal of variability and no consistent trends. An 
analysis of variance is given in Table 20. 
Table 20. Analysis of variance of Tc by location, previous 
crop, and time after tillage 
Source of Sum of Mean Significance 
Variation DF Squares Squares F Level 
Location 1 
Crop 2 
Time 1 
Loca X Crop 2 
Crop X Time 2 
Loca X Time 1 
Loca X Crop 2 
X Time 
Error 132 
Total 143 
32.37 32.37 
0.54 0.27 
8.00 8.00 
5.24 2.62 
45.64 22.82 
3.87 3.87 
105.67 52.83 
1764.54 13.37 
1965.86 
2.42 0.122 
0.02 0.980 
0.60 0.440 
0.20 0.822 
1.71 0.185 
0.29 0.591 
3.95 0.022 
Location, previous crop, or timing of rainfall 
simulation after tillage were not significant in explaining 
variability in Tc. Only the three-way interaction term 
showed any significance (p = 0.022). While it shows some 
statistical significance, there is very little in the data 
to explain why it may be occurring. 
While the calculated results show no significant 
trends, field observations at times did show differences 
between plots as to when rill detachment began to occur. 
This was noticed only for the very lowest flow additions 
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without rainfall. Therefore, for the soils on which this 
research was conducted, it appears that the critical shear 
force needed to initiate rill detachment is quite low and is 
unaffected by previous crop or brief periods of time 
following tillage. 
The effect of soil strength on critical shear force was 
examined by regressing Tc versus vane shear strength. The 
results are given in Table 21. A scatter plot of the data 
along with the regression line are shown in Figure 12. 
The intercept of the regression line is significantly 
different (p = 0.040) from zero. The slope of the 
regression is negative which translates to a lower critical 
shear force with increasing soil strength which is the 
reverse of what would be expected. A t-test, however, shows 
the slope not to be significantly different from zero (p = 
0.249). This would indicate a poor correlation of vane 
shear strength with critical shear force. 
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Table 21. Regression of To, rill critical shear, versus 
vane shear strength 
Correlation coefficient > -0.138 Degrees of Freedom <• 70 
R-Sguared • 0.019 S. E. of Estimate » 2.94 
Coefficient Estd Std Error T-Value Significance 
Intercept 1.85 0.88 2.10 0.040 
Slope -3.35 2.88 -1.16 0.249 
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Figure 12. Scatter plot of Tc versus vane shear with the 
least squares regression line 
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V. SUMMARY AND CONCLUSIONS 
Field experiments were conducted to measure the effect 
of previous crops and time after tillage on rill and 
interrill soil erodibility parameters of two Iowa soils. 
Experiments were conducted on plots that had previously been 
in soybeans, corn, or sod. Rainfall simulations with flow 
additions were done immediately and one month after tillage. 
All plots were moldboard plowed, lightly disked, and had 
rills formed prior to the initial rainfall simulation. 
Some differences in interrill erodibility were found 
because of previous cropping and time after tillage. At 
Ames, on the Clarion soil, interrill erodibility decreased 
significantly when the soil had one month to consolidate 
after tillage. At Castana, however, the Monona soil showed 
a slight, nonsignificant increase in interrill erodibility 
with the later time after tillage. When averaging over all 
the data the time after tillage was not significant. 
In examining the effect of previous crop on interrill 
erodibility, the sod treatment on the Clarion soil at Ames 
was found to have a significantly lower Ki than the corn 
treatment. This difference was not significant at Castana 
on the Monona soil but was significant in the overall data 
set. The sod treatment averaged a 20% lower Ki than the 
corn treatment and a 14% lower Ki than the soybean 
treatment. 
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Soil strength as measured by the vane shear strength 
was found to have a significant negative correlation with 
interrill erodibility. 
Rill erodibility was found to change significantly with 
soil and previous crop, but time after tillage had a much 
less definite effect. The average rill erodibility, Kr, for 
the Clarion soil at Ames was 3.4 g/s/N and for the Monona 
soil at Castana the average Kr was 8.0 g/s/N. This 
difference was highly significant. 
The average Kr for soybeans was 17% greater than the 
average Kr for corn while the average Kr for sod was 52% 
less than the corn Kr. The Kr for sod was significantly 
less than for both the corn and soybeans. The corn and 
soybean rill erodibility differences were not statistically 
significant. These differences in rill erodibility are very 
similar to overall differences in erosion used in the USLE 
(Wischmeier and Smith, 1978). Using the USLE, erosion from 
recently plowed sod is estimated to be 50 to 60% less than 
following corn. Also the USLE estimates that soybeans leave 
the soil 15% more erodible than does corn. 
The large reduction in rill erodibility because of sod 
as a previous crop is also consistent with recent research 
reported by Elliot et al. (1988). In this study of rill 
erodibilities of different soils, one site which became 
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heavily sodded with weed growth prior to tillage was found 
to have a much lower rill erodibility than expected. 
No statistical differences in rill erodibility were 
found at either location or in the overall data because of 
the amount of time after tillage. Although no statistical 
difference was found, there was some indication on the 
Clarion soil at Ames that soil consolidation one month after 
tillage could reduce rill erodibility. This occurred on 
three steeper plots where material deposited by natural 
rainfall was rapidly eroded exposing a consolidated soil. 
This consolidated soil (that had been tilled one month 
previously) had a rill erodibility about 50% lower than it 
had one month earlier. This was not observed on the Monona 
soil at Castana. 
Rill erodibility was also found to have a significant 
negative correlation with soil vane shear strength. This is 
similar to findings by Elliot et al. (1988) that vane shear 
strength is important in predicting the rill erodibility, 
Kr, of different soils. 
Soil type, previous crop, and time after tillage had no 
significant effect on critical shear stress values. 
Calculated critical shear stresses were generally less than 
5 N/m^. This is similar to those critical shear stresses 
calculated by Elliot et al. (1988). The doubling of 
critical shear stress one month after tillage as proposed by 
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Foster (1982) was not evident in this study. Critical shear 
stresses were not significantly correlated with soil vane 
shear strength. 
In conclusion, the previous crop was found to have a 
significant impact on rill erodibility but only a slight 
effect on interrill erodibility. Allowing soil to 
consolidate for one month after tillage had an indeterminate 
effect on both rill and interrill erodibilities. More study 
is needed in this area. Both rill and interrill 
erodibilities had a significant negative correlation with 
soil vane shear strength. Critical shear stress was not 
found to be affected by previous crop or time after tillage 
and was poorly correlated with soil vane shear strength. 
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VIII. APPENDIX A. INTERRILL EROSION RATES, RAINFALL 
INTENSITIES, AND ERODIBILITIES 
72 
PLOT 
1 
Ames 
Interrlll 
Erosion 
kg/mr/h 
Avg. 
2.52 
2.73 
2.95 
2.67 
2.63 
2.55 
2.47 
2.30 
1.60 
1.78 
1.12 
1.36 
3.37 
3.36 
3.21 
2.76 
2.16 
2.08 
2.56 
2.77 
3.20 
3.13 
3.22 
3.45 
2.93 
2.59 
2.54 
2.90 
3.00 
3.29 
3.07 
3.11 
3.25 
3.54 
3.19 
3.50 
2.72 
2.49 
1.46 
3.17 
2.39 
3.25 
2.74 
3.12 
3.37 
Early 
Rainfall 
Intensity Kl 
In/h g/mr/min/(mm/mln)^ 
2.84 
2.91 
2.58 
2.99 
2.89 
3.28 
2.79 
2 . 8 2  
3.14 
31.4 Soybeans 
27.3 Soybeans 
20.5 Sod 
33.1 Corn 
26.7 Soybeans 
28.1 Sod 
32.8 Sod 
36.5 Corn 
31.8 Corn 
1 
2 
3 
4 
5 
6 
7 
8 
9 
73 
Anes Late 
Interrlll Rainfall 
Erosion Intensity Ki , 
kg/m^/h In/h g/m^/min/ (mm/min) ^ 
Avg. 
2.81 2.90 3.71 19.6 Soybeans 
3.06 
2 .86  
2 .86  
2.51 2.54 3.19 23.3 Soybeans 
2.54 
2 .68  
2.45 
1.90 1.95 3.91 11.9 Sod 
1.83 
1.90 
2.19 
1.80 2.14 3.83 13.6 Corn 
1.69 
1.70 
3.36 
1.71 1.69 3.12 16.2 Soybeans 
1.69 
1.62 
1.75 
1.48 1.54 3.04 15.5 Sod 
1.42 
1.76 
1.49 
2.50 2.32 3.36 19.1 Sod 
2.59 
2.21 
1.96 
2.00 3.21 3.36 26.5 Corn 
3.53 
3.72 
3.59 
4.49 4.83 3.36 39.9 Corn 
4.92 
4.98 
4.93 
74 
Castana Early 
Interrlll Rainfall 
Erosion Intensity Ki _ 
kg/m^/h in/h g/m^/min/ (nun/min) % 
Avg. 
2.54 2.45 3.10 23.8 Soybeans 
2.47 
2.48 
2.33 
2.18 2.23 3.00 23.1 Corn 
2.18 
2.37 
2.20 
2.87 2.69 2.95 28.8 Corn 
2.54 
3.01 
2.35 
3.51 3.81 2.88 42.8 Soybeans 
3.83 
2.43 
5.48 
2.25 2.10 2.97 22.2 Sod 
1.47 
2.31 
2.38 
3.12 2.83 3.12 27.1 Sod 
2.38 
2.72 
3.10 
3.36 3.50 2.96 37.2 Corn 
3.76 
3.58 
3.30 
3.03 2.86 3.01 29.4 Soybeans 
2.75 
2.96 
2.68 
1.56 1.51 3.33 12.7 Sod 
1.55 
1.73 
1.19 
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Castana Late 
PLOT 
1 
Interrlll 
Erosion 
kg/nf/h 
5.24 
4.38 
4.63 
4.13 
Avg. 
4.60 
Rainfall 
Intensity Ki 
In/h g/m^/min/ (iran/min) % 
3.43 36.4 Soybeans 
3.66 
4.29 
4.16 
3.19 
3.82 3.49 29.2 Corn 
4.12 
4.55 
3.79 
4.37 
2.17 
1.79 
1.89 
1.97 
4.21 
1.96 
3.59 30.4 
3.27 17.0 
Corn 
Soybeans 
3.98 
3.82 
2.87 
3.91 
3.65 3.19 33.4 Sod 
4.85 
5.64 
5.28 
5.66 
5.36 3.65 37.5 Sod 
8 
5.08 
4.63 
4.93 
3.86 
6.51 
6 . 2 2  
5.20 
5.12 
4.23 
4.14 
4.63 
4.30 
4.63 3.44 36.4 
5.76 
4.32 
3.67 
3.80 
39.8 
27.9 
Corn 
Soybeans 
Sod 
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APPENDIX B: RILL EROSION, WIDTH, DETACHMENT AND 
HYDRAULIC SHEAR DATA 
77 
Ames Early IL 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
2.00 
8.59 
10.60 
12.42 
13.30 
7.00 
8.00 
9.00 
12.00 
12.50 
Rill 
Detachment 
Rate 
g/s/mf 
-1.43 
7.99 
9.67 
9.13 
9.57 
Hydraulic 
Shear 
N/mZ 
0.57 
1.62 
2.51 
3.64 
4.18 
0+2 
0+4 
0+6 
0+8 
0+10 
0.54 
1.92 
3.77 
4.57 
3.75 
7.76 
8.57 
8.81 
9.25 
9.48 
0.77 
2.48 
4.75 
5.49 
4.40 
2.83 
3.53 
3.75 
4.00 
4.72 
Ames Early IR 
Rill Rill 
Rainfall Erosion Rill Detachment Hydraulic 
Status Rate Width Rate Shear 
g/s cm g/8/vr K/rar 
R-0 1.54 5.32 
R+2 7.16 8.60 
R+4 8.54 11.93 
R+6 14.42 14.85 
R+8 20.34 15.92 
0+2 0.47 5.00 
0+4 2.09 5.51 
0+6 3.55 7.00 
0+8 5.16 7.20 
0+10 6.38 9.29 
-3.09 0.67 
5.64 1.33 
5.56 2.49 
9.01 3.09 
12.59 4.48 
1.05 1.27 
4.22 1.74 
5.63 2.00 
7.96 2.08 
7.63 2.37 
78 
Anes Early 
Rill 
Rainfall Erosion Rill 
Status Rate Width 
g/s cm 
R-0 2.22 6.12 
R+2 8.56 10.94 
R+4 15.23 12.00 
R+6 17.34 13.00 
R+8 16.94 13.00 
0+2 0.49 5.86 
0+4 2.95 6.60 
0+6 3.87 7.25 
0+8 4.97 8.06 
0+10 4.84 9.07 
Rill 
Detachment Hydraulic 
Rate Shear 
g/s/jor JK/nr 
-0.92 0.69 
6.22 1.23 
11.91 2.01 
12.86 3.00 
12.52 4.09 
0.93 2.15 
4.96 3.04 
5.93 3.78 
6.86 4.35 
5.93 4.72 
Ames Early 2R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
2.36 
9.16 
14.68 
19.77 
25.22 
10.00 
14.72 
19.00 
21.48 
23.67 
Rill 
Detachment 
Rate 
g/s/nr 
-0.14 
5.26 
7.46 
9.31 
11.07 
Hydraulic 
Shear 
N/m? 
0.85 
2 . 2 6  
3.44 
4.83 
6 .00  
0+2 
0+4 
0+6 
0+8 
0+10 
0.37 
4.75 
7.16 
9.81 
10.53 
7.28 
8.16 
8.75 
9.18 
9.44 
0.57 
6.47 
9.10 
11.87 
12.39 
3.92 
4.62 
5.07 
5.35 
5.49 
79 
Anes Early 3L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
1.09 
4.21 
7.10 
7.88 
8.15 
8.00 
11.01 
13.78 
15.44 
15.95 
Rill 
Detachment 
Rate 
g/s/mf 
-0.61 
2.82 
4.66 
4.76 
4.81 
Hydraulic 
Shear 
N/mZ 
0.25 
1.00 
1.75 
2.54 
3.06 
0+2 
0+4 
0+6 
0+8 
0+10 
0.59 
1.96 
3.08 
3.66 
3.80 
6.69 
9.41 
10.93 
11.94 
12.95 
0.98 
2.31 
3.13 
3.41 
3.26 
0.63 
2.07 
2 .28  
2.50 
3.17 
Ames Early 3R 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m^ 
R-0 
R+2 
R+4 
R+6 
R+8 
0.97 
4.91 
7.33 
8.63 
9.64 
6.00 
6.27 
8.57 
8.86  
11.65 
-1.18 
5.88 
7.54 
8.94 
7.86 
0.16 
0.69 
1.65 
2 .02  
2.87 
0+2 
0+4 
0+6 
0+8 
0+10 
0.41 
2.12 
4.12 
4.48 
4.59 
5.00 
6.96 
7.60 
8.44 
9.23 
0.92 
3.38 
6.02 
5.90 
5.53 
0.60 
2 . 2 2  
2.78 
3.11 
3.39 
80 
Anes Early 4L 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/mZ 
R-0 3.10 6.36 -0.63 0.61 
R+2 9.58 12.64 5.82 1.75 
R+4 21.13 14.00 14.51 2.17 
R+6 23.74 16.95 13.84 3.37 
R+8 15.89 16.00 9.16 3.30 
0+2 0.59 6.92 0.95 1.69 
0+4 3.23 8.64 4.15 2.79 
0+6 5.81 10.01 6.45 2.89 
0+8 5.46 10.87 5.58 3.38 
0+10 6.02 11.77 5.69 3.96 
Ames Early 4R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
3.43 
9.88 
16.01 
21.24 
27.25 
6.51 
6.06  
9.52 
13.22 
14.47 
Rill 
Detachment 
Rate 
g/s/mf 
-0.03 
11.74 
14.94 
15.40 
18.76 
Hydraulic 
Shear 
N/m2 
0.64 
0.79 
1.27 
2.12 
2.67 
0+2 
0+4 
0+6 
0+8 
0+10 
1.64 
4.33 
3.45 
6.61 
5.50 
6.00 
6.00 
6.81 
8.43 
9.00 
3.04 
8.02 
5.63 
8.71 
6.79 
0.79 
1.38 
1.78 
2.10 
3.30 
81 
Ames Early 5L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
2.11 7.00 
7.46 7.99 
15.11 9.33 
9.88 11.49 
9.45 12.00 
Rill 
Detachment 
Rate 
g/s/nf 
-0.71 
6.90 
15.13 
7.34 
6.66  
Hydraulic 
Shear 
N/mS 
0.73 
0.95 
1.42 
1.62 
2 .08  
0+2 
0+4 
0+6 
0+8 
0+10 
0.27 
1.71 
2.83 
3.34 
4.68 
5.04 
5.62 
6.27 
8.80 
10.00 
0.60 
3.39 
5.02 
4.21 
5.21 
1.30 
1.85 
2.21 
2.56 
2.89 
Ames Early 5R 
Rill Rill 
Rainfall Erosion Rill Detachment Hydrai 
Status Rate Width Rate Shear 
g/s cm g/s/mf N/mf 
R-0 2.48 6.70 -0.15 0.86 
R+2 4.00 10.52 1.75 1.17 
R+4 6.49 12.98 3.67 1.59 
R+6 7.53 14.60 4.13 2.67 
R+8 12.01 15.89 6.98 3.29 
0+2 0.03 5.60 0.05 1.08 
0+4 2.17 8.97 2.69 1.32 
0+6 3.16 11.24 3.12 2.04 
0+8 4.44 11.18 4.41 2.14 
0+10 4.60 12.00 4.26 3.19 
82 
Ames Early 6L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
1.92 
5.28 
8.37 
10.69 
11.95 
8.00 
8.77 
10.42 
11.21 
13.41 
Rill 
Detachment 
Rate 
g/s/mr 
-2.06 
2.45 
5.51 
7.48 
7.44 
Hydraulic 
Shear 
N/mZ 
0.49 
1.74 
2.90 
3.20 
3.70 
0+2 
0+4 
0+6 
0+8 
0+10 
0.42 
2.65 
2.93 
3.66 
4.38 
7.00 
8.00 
9.00 
10.51 
11.00 
0.66 
3.67 
3.61 
3.87 
4.42 
0.50 
1.49 
2.64 
3.23 
3.83 
Ames Early 6R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
1.89 
6.65 
9.05 
11.87 
10.97 
8.00 
9.00 
10.00 
11.87 
12.00 
Rill 
Detachment 
Rate 
g/s/mf 
-2.12 
4.10 
6.44 
8.21 
7.30 
Hydraulic 
Shear 
N/mZ 
0.53 
0.82 
0.97 
1.13 
1.96 
0+2 
0+4 
0+6 
0+8 
0+10 
0.02  
3.42 
3.65 
3.17 
3.17 
5.08 
9.00 
10.00 
11.00 
11.84 
0.03 
4.22 
4.06 
3.20 
2.97 
0.72 
1.36 
1.61 
2.96 
4.17 
83 
Ames Early 7L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
2.62 
4.00 
5.00 
7.75 
10.07 
5.68 
9.29 
11.50 
13.08 
14.05 
Rill 
Detachment 
Rate 
g/s/mf 
-0.82 
1.45 
2.28 
4.44 
6.01 
Hydraulic 
Shear 
N/mZ 
2.37 
3.40 
3.14 
5.31 
4.58 
0+2 
0+4 
0+6 
0+8 
0+10 
0.19 
2.16 
1.69 
4.04 
5.55 
5.01 
5.80 
7.05 
8.30 
10.24 
0.43 
4.14 
2 . 6 6  
5.41 
6.02 
2.45 
4.08 
5.54 
6.92 
7.94 
Ames Early 7R 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m^ 
R-0 
R+2 
R+4 
R+6 
R+8 
2.79 
4.00 
5.00 
6.00 
7.90 
10.92 
12.64 
14.58 
18.69 
19.85 
0.12 
1.27 
1.96 
2.29 
3.26 
1.91 
2.99 
3.07 
3.45 
5.07 
0+2 
0+4 
0+6 
0+8 
0+10 
0.09 
1.48 
1.50 
4.15 
5.83 
6.94 
8.44 
11.01 
11.31 
15.16 
0.15 
1.95 
1.51 
4.08 
4.28 
1.82 
2.92 
4.52 
4.79 
5.65 
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Anes Early 
Rill 
Rainfall Erosion Rill 
Status Rate Width 
g/s cm 
R-0 4.38 5.88 
R+2 5.00 7.00 
R+4 6.00 8.80 
R+6 8.00 10.69 
R+8 13.28 12.36 
0+2 0.34 5.59 
0+4 3.51 7.05 
0+6 4.43 7.00 
0+8 8.47 7.29 
0+10 11.59 8.98 
8L 
Rill 
Detachment Hydraulic 
Rate Shear 
g/B/Tor N/m^ 
8.70 1.77 0.74 
11.44 2.62 1.51 
15.29 3.52 3.07 
15.53 5.13 4.52 
17.73 9.30 6.13 
5.40, 0.68 2.22 
5.74 5.54 4.88 
6.21 7.03 5.88 
6.40 12.92 7.02 
8.55 14.34 8.92 
Ames Early 8R 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m^ 
R-0 
R+2 
R+4 
R+6 
R+8 
3.93 
5.00 
10.00 
15.68 
17.70 
8.70 
11.44 
15.29 
15.53 
17.73 
0.91 
1.94 
5.30 
9.30 
9.52 
1.03 
2.77 
3.21 
3.61 
4.44 
0+2 
0+4 
0+6 
0+8 
0+10 
0 . 2 6  
4.06 
6.01 
10.12 
12.64 
5.40 
5.74 
6.21 
6.40 
8.55 
0.54 
7.85 
10.74 
17.57 
16.44 
3.11 
4.34 
5.46 
6.11 
7.43 
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Anes Early 9L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
2.73 
10.35 
16.53 
18.13 
20.30 
12.34 
13.60 
16.59 
17.58 
17.90 
Rill 
Detachment 
Rate 
g/s/mf 
-0.40 
5.95 
9.18 
9.73 
10.92 
Hydraulic 
Shear 
N/m2 
1.20 
2.56 
4.35 
4.95 
5.94 
0+2 
0+4 
0+6 
0+8 
0+10 
0.45 
2.85 
4.39 
7.55 
7.34 
5.30 
5.80 
6.02 
7.05 
7.91 
0.94 
5.47 
8.10 
11.90 
10.31 
2 . 2 6  
2.94 
3.18 
3.97 
5.10 
Ames Early 9R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
2.43 
10.76 
15.18 
19.89 
20.97 
7.00 
9.00 
10.51 
10.44 
9.93 
Rill 
Detachment 
Rate 
g/s/mf 
-1.89 
9.02 
12.54 
17.61 
19.69 
Hydraulic 
Shear 
N/m2 
1.30 
1.90 
2.40 
2 . 8 0  
3.45 
0+2 
0+4 
0+6 
0+8 
0+10 
0.48 
2.72 
4.40 
8.10 
9.00 
7.69 
8.81 
9.00 
9.64 
10.56 
0.70 
3.43 
5.43 
9.34 
9.47 
2.49 
3.68 
4.07 
4.79 
5.76 
86 
Anes Late 
Rill 
Rainfall Erosion Rill 
Status Rate Width 
g/s cm 
R-0 3.30 8.63 
R+2 10.67 13.14 
R+4 16.10 14.89 
R+6 19.54 18.73 
R+8 18.83 19.26 
0+2 0.65 10.27 
0+4 2.90 11.11 
0+6 6.06 12.48 
0+8 11.12 13.24 
0+10 8.95 15.33 
IL 
Rill 
Detachment Hydraulic 
Rate Shear 
g/s/m^ N/m* 
6.83 0.36 0.46 
10.40 6.75 0.61 
13.90 10.11 0.78 
18.80 10.24 0.97 
20.84 9.57 1.01 
5.74 0.70 0.37 
9.93 2.90 0.72 
11.80 5.40 1.02 
11.11 9.33 1.02 
11.55 6.48 1.25 
Ames Late IR 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion 
Rate 
g/s 
2.43 
8 .00  
12.17 
13.24 
16.71 
Rill 
Width 
cm 
6.83 
10.40 
13.90 
16.00 
18.00 
Rill 
Detachment 
Rate 
g/s/mr 
-1.16 
5.47 
7.62 
7.47 
8.87 
Hydraulic 
Shear 
N/m? 
0.48 
0.59 
0.88  
1.51 
1.74 
0+2 
0+4 
0+6 
0+8 
0+10 
1.34 
4.09 
6.52 
10.11 
19.36 
5.74 
9.93 
11.80 
11.11 
11.55 
2.60 
4.57 
6.14 
10.10 
18.62 
0.61 
1.33 
1.70 
1.96 
2.50 
87 
Anes Late 2L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion 
Rate 
g/s 
2 . 0 0  
9.64 
16.25 
21.30 
31.48 
Rill 
Width 
cm 
5.77 
8.13 
12.00 
16.00 
17.15 
Rill 
Detachment 
Rate 
g/s/mf 
-1.59 
9.52 
12.79 
13.28 
19.03 
Hydraulic 
Shear 
N/m2 
0.39 
0.71 
1.16 
1.48 
1.72 
0+2 
0+4 
0+6 
0+8 
0+10 
1.57 
6.82  
7.56 
8.31 
5.48 
5.00 
6.00 
6.50 
7.66 
7.00 
3.49 
12.63 
12.92 
12.06 
8.70 
0.50 
0.73 
1.17 
1.16 
1.68 
Ames Late 2R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion 
Rate 
g/s 
2.81 
10.65 
18.47 
21.25 
21.30 
Rill 
Width 
cm 
7.89 
10.00 
14.50 
17.49 
21.04 
Rill 
Detachment 
Rate 
g/s/mf 
0.17 
9.00 
12.42 
12.18 
10.27 
Hydraulic 
Shear 
N/mZ 
0.32 
0.50 
0.70 
1.23 
1.52 
0+2 
0+4 
0+6 
0+8 
0+10 
0.62 
5.18 
8.29 
10.90 
8.77 
7.38 
8.18 
9.84 
10.57 
11.00 
0.94 
7.03 
9.35 
11.46 
8.86 
0.70 
1.05 
1.38 
1.47 
1.85 
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Ames Late 3L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion 
Rate 
g/s 
2.13 
10.31 
18.08 
17.02 
17.44 
Rill 
Width 
cm 
12.27 
15.89 
18.29 
18.55 
21.58 
Rill 
Detachment 
Rate 
g/s/mf 
0.27 
6.05 
10.05 
9.28 
8.27 
Hydraulic 
Shear 
N/m2 
0.48 
0.85 
1.39 
1.45 
1.77 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.12 
1.32 
2.65 
2.16 
1.40 
1.59 
6.73 
8.10 
8.55 
9.37 
10.84 
10.57 
0 . 2 0  
1.81 
3.44 
2.56 
1.44 
1.67 
1.00 
1.50 
1.69 
1.75 
2.15 
1.85 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Ames 
Rill 
Erosion 
Rate 
g/s 
2.37 
9.23 
12.15 
15.17 
15.49 
Late 
Rill 
Width 
cm 
9.20 
11.62 
13.59 
15.08 
18.88 
3R 
Rill 
Detachment 
Rate 
g/s/mf 
0.47 
7.04 
8.48 
9.93 
8.23 
Hydraulic 
Shear 
N/mZ 
0.83 
0.97 
1.13 
1.70 
1.83 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.20 
2.16 
4.97 
4.56 
3.40 
2.95 
8.02 
10.80 
11.67 
11.07 
11.60 
15.55 
0.27 
2 . 2 2  
4.73 
4.58 
3.26 
2.11 
1.70 
2.43 
2.76 
2.46 
2.73 
3.60 
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Anes Late 4L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion 
Rate 
g/s 
3.46 
11.71 
22.69 
25.66 
17.10 
Rill 
Width 
cm 
10.13 
16.91 
22.49 
24.51 
26.64 
Rill 
Detachment 
Rate 
g/s/mf 
1.48 
6.54 
10.49 
11.02 
6.61 
Hydraulic 
Shear 
N/m2 
0.44 
0.85 
2.03 
2.85 
3.35 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.60 
1.99 
2.23 
1.99 
1.22 
1.17 
8.22 
10.86 
12.38 
13.54 
15.19 
17.49 
0.81 
2.04 
2.00 
1.63 
0.90 
0.74 
1.27 
1.81 
2.18 
2.48 
2 . 6 2  
3.85 
Ames Late 4R 
Rainfall 
Status 
Rill 
Erosion 
Rate 
g/s 
Rill 
Width 
cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m2 
R-0 
R+2 
R+4 
R+6 
R+8 
3.90 
13.68 
22.18 
22.56 
22 .02  
8.39 
14.00 
17.72 
19.44 
20.00 
2.24 
9.34 
12.83 
11.97 
11.35 
0.95 
1.30 
1.62 
1.75 
2.15 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.33 
3.41 
5.71 
5.96 
2 . 6 6  
3.46 
5.00 
5.60 
7.49 
8.47 
10.05 
10.03 
0.74 
6.77 
8.47 
7.82 
2.94 
3.84 
0.87 
1.75 
2.43 
2.43 
3.47 
3.36 
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Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Ames 
Rill 
Erosion 
Rate 
g/s 
2.96 
8.71 
13.27 
18.66 
19.39 
23.64 
Late 
Rill 
Width 
cm 
8.83 
10.98 
14.00 
16.01 
17.25 
18.00 
5L 
Rill 
Detachment 
Rate 
g/s/mf 
1.53 
7.15 
9.32 
11.95 
11.60 
13.76 
Hydraulic 
Shear 
N/m2 
0.30 
0.52 
0.62 
0.90 
1.31 
1.88 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.67 
7.57 
9.12 
10.30 
8.92 
4.85 
6.40 
9.00 
10.54 
12.12 
13.86 
14.53 
1.17 
9.35 
9.62 
9.44 
7.15 
3.71 
1.19 
1.44 
1.96 
1.87 
2.32 
2.36 
Ames Late 5R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
2.87 
10.19 
14.50 
18.17 
20 .28  
23.19 
Rill 
Width 
cm 
6.14 
14.00 
16.29 
19.16 
20.89 
22.30 
Rill 
Detachment 
Rate 
g/s/mf 
1.84 
6 . 8 8  
8.91 
9.78 
10.13 
10.97 
Hydraulic 
Shear 
N/mZ 
0 . 2 2  
0.45 
0.87 
1.30 
1.83 
2.05 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
1.02 
3.53 
4.95 
4.99 
13.65 
6.63 
8 .08  
10.80 
11.85 
12.83 
13.76 
13.73 
1.41 
3.63 
4.64 
4.32 
11.02 
5.36 
1.08 
1.52 
1.85 
2.09 
2.50 
2.51 
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Anes Late 6L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
1.55 
4.27 
6.37 
7.11 
7.41 
6.73 
Rill 
Width 
cm 
18.90 
23.18 
23.13 
24.05 
23.51 
23.09 
Rill 
Detachment 
Rate 
g/s/mf 
0.20 
1.55 
2.56 
2 .82  
3.02 
2.74 
Hydraulic 
Shear 
N/m* 
0.84 
1.45 
1.45 
1.86 
1.62 
1.53 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.12 
1.29 
2.39 
1.77 
2.03 
4.05 
7.65 
9.34 
9.82 
10.94 
13.94 
14.93 
0.17 
1.53 
2.70 
1.80 
1.62 
3.01 
0.72 
0.97 
1.30 
1.43 
1.71 
2.40 
Ames Late 6R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
1.06 
5.31 
7.30 
10.00 
9.19 
8.69 
16.40 
18.71 
19.13 
20.84 
19.11 
20.50 
Rill 
Detachment 
Rate 
g/s/mr 
-0.16 
2.43 
3.55 
4.73 
4.65 
4.09 
Hydraulic 
Shear 
N/mZ 
0.90 
2.04 
2.14 
2.77 
2.70 
2.90 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.29 
2.14 
3.92 
8 . 2 6  
11.92 
8.23 
9.76 
11.74 
13.62 
14.45 
16.21 
17.13 
0.33 
2.02 
3.20 
6.35 
8.17 
5.34 
1.82 
2.74 
3.45 
4.05 
4.42 
4.99 
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Ames Late 7L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
5.22 
19.97 
22.28 
17.57 
11.58 
5.26 
Rill 
Width 
cm 
9.23 
9.91 
7.50 
9.67 
14.85 
16.62 
Rill 
Detachment 
Rate 
g/s/mf 
3.46 
19.81 
29.37 
17.52 
7.15 
2.23 
Hydraulic 
Shear 
N/m2 
0.83 
1.66 
1.65 
3.63 
4.16 
5.40 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.00 
0.70 
1.36 
1.72 
2.78 
3.00 
6.94 
11.97 
12.92 
14.74 
15.91 
16.29 
0.01 
0.65 
1.17 
1.30 
1.94 
2.04 
2.61 
3.23 
3.89 
5.33 
6.32 
7.31 
Ames Late 7R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
4.61 
17.62 
23.79 
14.35 
10.97 
9.55 
7.79 
13.23 
10.04 
17.76 
17.98 
19.87 
Rill 
Detachment 
Rate 
g/s/mr 
3.10 
13.01 
23.79 
7.82 
5.64 
4.37 
Hydraulic 
Shear 
N/mZ 
1.55 
2 . 0 6  
1.95 
3.98 
4.17 
5.68 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0 .00  
0.66 
1.25 
1.80 
1.28 
2.12 
9.46 
12.56 
12.63 
13.59 
15.35 
16.14 
0.01 
0.58 
1.10 
1.47 
0.93 
1.46 
2.71 
3.69 
3.88 
4.44 
5.04 
5.92 
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Anes Late 8L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
8.25 
32.14 
48.63 
17.97 
8.89 
12.06 
Rill 
Width 
cm 
10.24 
10.33 
13.89 
15.06 
17.10 
19.63 
Rill 
Detachment 
Rate 
g/s/mr 
5.49 
31.15 
36.58 
11.19 
4.06 
5.45 
Hydraulic 
Shear 
N/mS 
1.18 
0.89 
1.77 
2.67 
4.31 
6.21 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0 .00  
1.01 
1.82 
2.63 
3.99 
2.53 
5.46 
6.33 
7.05 
9.04 
9.82 
12.07 
0.01 
1.78 
2 .86  
3.23 
4.52 
2.33 
2.21 
3.37 
3.70 
4.34 
5.44 
5.54 
Ames Late 8R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
6.32 
30.62 
31.07 
28 .28  
15.21 
13.99 
Rill 
Width 
cm 
6.75 
7.88 
9.65 
16.34 
17.95 
19.87 
Rill 
Detachment 
Rate 
g/s/mf 
4.70 
38.44 
32.06 
17.39 
7.82 
6.47 
Hydraulic 
Shear 
M/m2 
0.64 
1.43 
2.10 
2 . 6 8  
3.34 
4.14 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0 .00  
0.15 
2.21 
2.29 
4.50 
3.57 
7.23 
8.46 
9.29 
9.38 
10.19 
10.84 
0.01 
0.20 
2.64 
2.71 
4.91 
3.66 
1.23 
2.25 
3.79 
4.16 
4.43 
5.24 
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Ames Late 9L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
4.30 
17.54 
36.70 
31.35 
22.47 
12.86 
Rill 
Width 
cm 
5.96 
12.98 
15.02 
17.85 
22.86  
27.19 
Rill 
Detachment 
Rate 
g/s/mf 
-1.88 
11.19 
24.04 
17.10 
9.33 
4.13 
Hydraulic 
Shear 
N/m2 
0.62 
1.07 
1.40 
2.23 
3.99 
4.77 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.06 
1.05 
1.50 
1.00 
2.04 
2.10 
9.81 
10.52 
11.55 
10.56 
12.06 
13.40 
0.06 
1.10 
1.44 
1.05 
1.88 
1.74 
2.27 
2.65 
3.13 
2.70 
3.24 
3.74 
Ames Late 9R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
R+10 
Rill 
Erosion 
Rate 
g/s 
4.79 
26.95 
28.07 
24.50 
22.55 
19.50 
Rill 
Width 
cm 
5.96 
7.10 
9.38 
11.56 
13.25 
17.53 
Rill 
Detachment 
Rate 
g/s/mf 
-0.97 
34.07 
27.44 
19.10 
15.19 
9.88 
Hydraulic 
Shear 
N/m? 
0.70 
0.96 
1.09 
1.33 
2.23 
3.22 
0+2 
0+4 
0+6 
0+8 
0+10 
0+12 
0.11 
0.58 
1.48 
1.93 
2.20 
2.58 
7.15 
9.58 
11.71 
13.61 
15.81 
16.10 
0.17 
0.67 
1.40 
1.58 
1.55 
1.78 
1.85 
1.93 
2.43 
3.17 
4.01 
4.31 
95 
Castana Early IL 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/mZ 
R-0 4.17 5.30 3.02 4.28 
R+2 10.16 8.10 10.41 8.84 
R+4 58.39 17.51 35.80 17.79 
R+6 72.85 20.00 39.45 28.80 
0+2 19.90 5.76 38.38 3.42 
0+4 33.08 6.79 54.12 , 7.53 
0+6 56.76 7.30 86.33 12.74 
0+8 90.90 7.66 131.89 15.84 
0+10 104.24 7.74 149.59 18.00 
Castana Early IR 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mr 
Hydraulic 
Shear 
N/m^ 
R-0 4.83 7.30 3.38 4.45 
R+2 12.60 8.00 13.94 5.00 
R+4 45.34 8.91 53.37 5.54 
R+6 82.90 13.50 66.39 10.52 
0+2 22.83 7.05 35.96 5.19 
0+4 39.22 8.68 50.21 9.50 
0+6 91.82 9.40 108.53 12.00 
0+8 130.68 10.00 145.20 14.00 
0+10 94.72 10.31 102.07 17.86 
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Castana Early 2L 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/mS 
R-0 7.36 5.83 9.33 4.32 
R+2 12.53 6.80 16.55 8.00 
R+4 38.28 12.64 31.81 13.58 
R+6 67.10 11.83 61.01 15.64 
0+2 5.54 7.66 8.04 6.49 
0+4 23.34 9.98 25.99 12.33 
0+6 60.04 10.65 62.67 16.14 
0+8 113.62 11.10 113.70 19.85 
0+10 108.00 10.69 112.23 15.25 
Castana Early 2R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
7.12 
16.00 
36.48 
54.16 
5.56 
6.33 
10.01 
13.74 
Rill 
Detachment 
Rate 
g/s/mf 
9.27 
23.81 
38.04 
42.15 
Hydraulic 
Shear 
N/mZ 
6.31 
8.44 
12.30 
18.70 
0+2 
0+4 
0+6 
0+8 
0+10 
8.89 
24.51 
45.89 
63.62 
55.28 
6.41 
6.58 
7.46 
9.10 
8.90 
15.41 
41.37 
68.37 
77.72 
69.01 
7.97 
9.94 
11.83 
12.89 
15.06 
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Castana Early 3L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
5.85 
17.42 
39.64 
68.97 
7.38 
7.87 
13.11 
16.10 
Rill 
Detachment 
Rate 
g/s/mf 
4.48 
20.58 
31.48 
46.01 
Hydraulic 
Shear 
N/m2 
3.32 
6.38 
13.16 
18.54 
0+2 
0+4 
0+6 
0+8 
10.59 
28.58 
35.82 
54.20 
7.04 
7.16 
8.31 
8.61 
16.72 
44.36 
47.93 
69.98 
6.94 
11.31 
16.62 
17.73 
Castana Early 3R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
6.18 
19.97 
50.42 
95.05 
5.40 
7.65 
11.41 
15.00 
Rill 
Detachment 
Rate 
g/s/mf 
6.52 
24.85 
46.56 
68.65 
Hydraulic 
Shear 
N/mZ 
3.05 
6.76 
15.16 
20.07 
0+2 
0+4 
0+6 
0+8 
25.42 
31.75 
37.95 
80.47 
5.43 
6 .02  
6.96 
7.12 
52.02 
58.63 
60.63 
125.66 
12.52 
15.56 
17.48 
21.00 
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Castana Early 4L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
8.38 
20.23 
72.52 
104.92 
8.88  
10.31 
11.59 
13.00 
Rill 
Detachment 
Rate 
g/s/mf 
5.58 
17.73 
65.99 
86.66 
Hydraulic 
Shear 
N/mS 
10.09 
11.41 
15.08 
22.78 
0+2 
0+4 
0+6 
0+8 
27.41 
52.69 
61.98 
83.57 
7.72 
8.14 
10.93 
11.85 
39.47 
71.96 
63.02 
78.36 
5.94 
10.74 
17.11 
21.50 
Castana Early 4R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
9.93 
35.20 
108.87 
283.80 
5.87 
5.73 
6.57 
8.53 
Rill 
Detachment 
Rate 
g/s/mf 
10.83 
60.02  
176.99 
364.55 
Hydraulic 
Shear 
N/m2 
4.73 
6.35 
10.41 
14.00 
0+2 
0+4 
0+6 
0+8 
36.18 
46.33 
77.92 
33.75 
5.00 
5.00 
5.70 
5.00 
80.40 
102.95 
151.88 
75.00 
3.65 
6.49 
9.96 
6.00 
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Castana Early 5L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
5.11 
16.83 
31.93 
42.99 
5.01 
5.63 
8.69 
10.00 
Rill 
Detachment 
Rate 
g/s/mf 
6.12 
28.63 
38.05 
45.45 
Hydraulic 
Shear 
N/m2 
9.16 
10.37 
16.43 
22.97 
0+2 
0+4 
0+6 
0+8 
3.88 
19.59 
32.22 
58.81 
5.89 
6.57 
7.69 
8.50 
7.31 
33.15 
46.54 
76.87 
8.56 
12.34 
16.61 
20.00 
Castana Early 5R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
4.59 
17.18 
33.87 
62 .26  
6.46 
8.13 
8.03 
8.13 
Rill 
Detachment 
Rate 
g/s/mf 
3.98 
20.48 
43.84 
82.07 
Hydraulic 
Shear 
N/mZ 
4.04 
8.58 
15.32 
16.37 
0+2 
0+4 
0+6 
0+8 
6.50 
33.95 
63.98 
86.34 
5.80 
6.63 
9.25 
10.89 
12.46 
56.92 
76.82 
88.09 
5.29 
8.35 
10.12 
12.53 
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Castana Early 6L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
3.97 
10.41 
27.47 
55.84 
6.18 
5.83 
6.50 
8.76 
Rill 
Detachment 
Rate 
g/s/mf 
1.54 
13.86 
41.65 
67.11 
Hydraulic 
Shear 
N/m2 
2 .28  
7.90 
17.61 
26.80 
0+2 
0+4 
0+6 
0+8 
6.99 
18.62 
39.20 
66.23 
5.76 
5.76 
6.13 
7.00 
13.49 
35.91 
71.09 
105.13 
7.16 
9.81 
12.43 
15.00 
Castana Early 6R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
4.27 
13.22 
24.44 
48.99 
7.45 
5.68 
7.42 
10.27 
Rill 
Detachment 
Rate 
g/s/mf 
1.85 
19.69 
32.08 
49.96 
Hydraulic 
Shear 
N/m2 
4.38 
5.19 
9.07 
13.35 
0+2 
0+4 
0+6 
0+8 
5.03 
14.30 
28.24 
55.50 
5.60 
6.25 
7.55 
8.53 
9.99 
25.42 
41.56 
72.26 
5.95 
10.01 
19.66 
30.12 
101 
Castana Early 7L 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m2 
R-0 8.72 5.78 9.35 2.05 
R+2 20.46 5.00 36.74 4.56 
R+4 55.74 5.77 99.81 8.26 
R+6 103.16 6.72 164.32 11.84 
0+2 19.61 6.48 33.62 7.04 
0+4 52.02 6.80 84,98 11.52 
0+6 67.05 7.52 99.03 16.21 
0+8 107.30 8.13 146.69 19.66 
Castana Early 7R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
11.55 
32.87 
153.60 
151.43 
5.00 
6.54 
8.51 
8 .00  
Rill 
Detachment 
Rate 
g/s/mr 
16.93 
49.39 
195.93 
205.23 
Hydraulic 
Shear 
N/mZ 
3.05 
7.91 
14.96 
15.00 
0+2 
0+4 
0+6 
0+8 
61.07 
70.67 
72.17 
61.87 
6.21 
5.69 
5.76 
5.50 
109.33 
138.01 
139.30 
124.99 
3.00 
5.00 
6.94 
7.00 
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Castana Early 8L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
7.46 
24.55 
65.85 
130.83 
5.00 
7.89 
9.56 
9.93 
Rill 
Detachment 
Rate 
g/s/nf 
9.48 
30.35 
73.21 
143.19 
Hydraulic 
Shear 
N/mZ 
3.49 
6.75 
12.20 
14.17 
0+2 
0+4 
0+6 
0+8 
23.55 
54.15 
129.23 
187.53 
6.40 
7.70 
7.81 
7.99 
40.88 
78.16 
183.90 
260.83 
3.91 
11.98 
15.13 
18.05 
Castana Early 8R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
7.08 
16.27 
43.63 
121.31 
5.07 
8.05 
9.00 
10.04 
Rill 
Detachment 
Rate 
g/s/nr 
8.52 
18.34 
50.27 
131.18 
Hydraulic 
Shear 
N/m2 
4.23 
5.84 
10.00 
15.90 
0+2 
0+4 
0+6 
0+8 
28.39 
50.94 
116.27 
65.66 
7.73 
10.83 
12.63 
12.00 
40.81 
52.28 
102.27 
60.80 
7.75 
14.91 
21.46 
16.00 
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Castana Early 9L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
4.71 
9.21 
19.24 
27.55 
5.00 
5.00 
5.00 
6.17 
Rill 
Detachment 
Rate 
g/s/mf 
6 .68  
16.69 
38.97 
46.66 
Hydraulic 
Shear 
N/m2 
3.51 
2.95 
5.33 
10.50 
0+2 
0+4 
0+6 
0+8 
1.43 
13.39 
24.17 
47.06 
6.72 
7.25 
7.46 
7.95 
2.36 
20.53 
35.97 
65.79 
4.49 
8.65 
12.26 
16.10 
Castana Early 9R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
5.40 
10.01 
27.40 
44.91 
6 . 2 2  
5.27 
6.63 
8.12 
Rill 
Detachment 
Rate 
g/s/mf 
6.69 
17.55 
43.19 
59.28 
Hydraulic 
Shear 
N/m2 
6.14 
12.94 
18.26 
22.27 
0+2 
0+4 
0+6 
0+8 
6.77 
18.67 
26.01 
79.26 
7.08 
7.68 
8.64 
10.00 
10.63 
27.01 
33.46 
88.06  
10.76 
11.78 
15.91 
24.00 
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Castana Late IL 
Rainfall 
Hydraulic 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion 
Rate 
g/s 
5.75 
21.00 
30.23 
51.80 
46.99 
Rill 
Width 
cm 
5.42 
5.46 
6.81 
8.00 
8.06 
Rill 
Detachment 
Rate 
g/s/mf 
1.27 
32.27 
41.20 
65.22 
58.09 
Shear 
N/mS 
2.00 
3.03 
4.66 
8.00 
9.00 
0+2 
0+4 
0+6 
0+8 
10.05 
33.03 
55.12 
63.66 
5.80 
6.61 
7.87 
7.77 
19.26 
55.51 
77.81 
91.04 
9.35 
12.06 
16.03 
17.10 
Castana Late IR 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
6.93 
19.16 
2 6 . 6 8  
39.82 
87.22 
7.33 
6.65 
6.91 
8.89 
11.77 
Rill 
Detachment 
Rate 
g/s/mf 
3.05 
23.66 
34.92 
43.85 
78.19 
Hydraulic 
Shear 
N/m2 
3.98 
6.65 
9.35 
17.12 
22.04 
0+2 
0+4 
0+6 
0+8 
11.93 
34.02 
73.17 
168.53 
7.14 
8.64 
8.80 
10.00 
18.56 
43.76 
92.41 
187.25 
6.73 
9.61 
10.84 
14.00 
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Castana Late 2L 
Rill 
Rainfall Erosion 
Status Rate 
g/s 
R-0 
R+2 
R+4 
R+6 
R+8 
9.35 
17.98 
22.99 
24.74 
53.90 
Rill 
Width 
cm 
5.00 
6.31 
6.78 
7.78 
9.19 
Rill 
Detachment 
Rate 
g/s/mr 
11.24 
24.32 
30.94 
29.57 
60.45 
Hydraulic 
Shear 
N/m2 
3.30 
5.04 
8 .88  
13.42 
18.61 
0+2 
0+4 
0+6 
0+8 
8.08 
23.52 
44.95 
55.65 
5.00 
6.45 
9.26 
10.23 
17.95 
40.55 
53.92 
60.44 
2.77 
8.60 
17.59 
20.00 
Castana Late 2R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
7.45 
16.64 
39.88 
84.03 
98.92 
5.00 
6.16 
7.19 
7.86 
9.00 
Rill 
Detachment 
Rate 
g/s/mf 
7.01 
22.46 
55.33 
113.17 
117.30 
Hydraulic 
Shear 
N/mZ 
1.58 
3.13 
4.31 
9.00 
14.77 
0+2 
0+4 
0+6 
0+8 
15.93 
35.61 
67.87 
112.13 
6.83 
7.25 
7.93 
9.20 
25.94 
54.55 
95.11 
135.39 
7.53 
11.16 
15.03 
19.82 
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Castana Late 3L 
Rill 
Rainfall Erosion Rill 
Status Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m2 
R-0 10.70 5.00 13.25 4.14 
R+2 37.49 7.43 49.39 6.85 
R+4 63.03 7.50 86.76 10.03 
R+6 127.22 8.00 170.55 14.80 
R+8 197.07 8.52 251.35 17.93 
0+2 19.20 5.28 40.43 5.28 
0+4 50.52 5.32 105.43 6.81 
0+6 157.15 7.00 249.44 8.00 
0+8 137.05 8.00 190.35 9.00 
0+10 136.72 8.00 189.89 9.00 
Castana Late 3R 
Rill 
Rainfall Erosion Rill 
Status Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m2 
R-0 8.80 5.87 7.85 3.23 
R+2 24.45 5.03 43.57 6.82 
R+4 32.00 5.46 55.59 9.06 
R+6 98.79 7.14 146.72 13.62 
R+8 155.48 9.10 184.62 17.32 
0+2 13.29 5.07 29.10 5.48 
0+4 38.43 5.45 78.40 8.77 
0+6 98.44 5.63 194.28 11.33 
0+8 142.89 5.76 275.78 15.00 
0+10 99.33 6.26 176.22 14.00 
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Castana Late 4L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
8.19 
22.09 
22.20 
28.82 
46.46 
5.56 
7.00 
7.60 
8 . 2 8  
9.26 
Rill 
Detachment 
Rate 
g/s/mf 
12.03 
31.72 
29.42 
35.94 
53.35 
Hydraulic 
Shear 
N/m2 
1.65 
6.53 
9.00 
14.00 
18.48 
0+2 
0+4 
0+6 
0+8 
0+10 
5.29 
22.94 
27.00 
26.16 
31.86 
5.93 
6.34 
6.53 
6.77 
6.43 
9.90 
40.23 
45.93 
42.93 
55.03 
9.57 
11.02 
11.88 
12.00 
13.00 
Castana Late 4R 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/n 
Hydraulic 
Shear 
N/m2 
R-0 6.93 7.28 7.39 3.15 
R+2 25.02 5.27 48.12 4.83 
R+4 34.74 6.84 53.04 6.37 
R+6 101.04 9.22 119.40 10.00 
R+8 118.83 9.98 130.06 13.27 
0+2 12.41 7.01 19.66 5.50 
0+4 35.72 8.47 46.84 9.50 
0+6 52.03 8.68 66.63 10.50 
0+8 122.21 9.94 136.60 16.50 
O+IO 125.23 10.84 128.36 20.00 
108 
Castana Late 5L 
Rill 
Rainfall Erosion 
Status Rate 
g/s 
R-0 
R+2 
R+4 
R+6 
R+8 
7.77 
26.19 
21.58 
48.39 
38.09 
Rill 
Width 
cm 
5.00 
6.76 
6.81 
7.82 
10.32 
Rill 
Detachment 
Rate 
g/s/mf 
8.18 
36.61 
28.82 
63.29 
37.14 
Hydraulic 
Shear 
N/m2 
0.77 
2.76 
3.55 
7.20 
10.57 
0+2 
0+4 
0+6 
0+8 
0+10 
1.02 
7.86 
17.20 
14.99 
33.20 
6.43 
7.89 
9.43 
9.25 
9.25 
1.76 
11.08 
20.27 
18.01 
39.90 
3.85 
6.73 
9.40 
8.76 
10.19 
Castana Late 5R 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m^ 
R-0 9.29 6.37 9.29 2.15 
R+2 24.37 5.21 43.24 3.36 
R+4 22.41 5.67 36.02 4.48 
R+6 47.84 6.28 77.60 9.78 
R+8 45.23 7.50 61.29 13.57 
0+2 7.23 5.63 14.27 9.54 
0+4 22.51 6.20 40.37 13.08 
0+6 37.21 7.56 54.68 18.86 
0+8 46.05 9.20 55.65 22.60 
0+10 108.78 12.00 100.73 39.14 
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Castana Late 6L 
Rill 
Rainfall Erosion 
Status Rate 
g/s 
R-0 
R+2 
R+4 
R+6 
R+8 
8.61 
24.23 
22.47 
38.04 
41.35 
Rill 
Width 
cm 
6.61 
8.39 
9.24 
9.72 
9.00 
Rill 
Detachment 
Rate 
g/s/mf 
4.70 
24.72 
20.46 
37.30 
44.26 
Hydraulic 
Shear 
N/m2 
3.20 
6.61 
8.91 
10.45 
10.00 
0+2 
0+4 
0+6 
0+8 
0+10 
3.06 
12.62 
23.85 
24.18 
32.55 
5.39 
5.74 
9.00 
11.55 
9.72 
6.30 
24.44 
29.44 
23.25 
37.20 
4.68 
8.24 
15.00 
20.41 
19.71 
Castana Late 6R 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
7.59 
21.83 
17.99 
25.83 
55.05 
6.08 
9.94 
10.93 
11.55 
14.94 
Rill 
Detachment 
Rate 
g/s/mf 
3.11 
18.39 
12.96 
19.88 
37.45 
Hydraulic 
Shear 
N/m2 
3.00 
10.31 
12.67 
13.56 
18.81 
0+2 
0+4 
0+6 
0+8 
O+IO 
1.25 
11.98 
40.79 
43.31 
69.52 
7.74 
8.21 
8.60 
8.50 
10.00 
1.79 
16.23 
52.68 
56.62 
77.24 
4.00 
10.00 
14.00 
16.00 
20.00  
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Castana Late 7L 
Rill 
Rainfall Erosion 
Status Rate 
g/s 
R-0 
R+2 
R+4 
R+6 
R+8 
9.87 
24.97 
17.44 
27.20 
69.42 
Rill 
Width 
cm 
5.64 
6.00 
6.64 
7.78 
9.12 
Rill 
Detachment 
Rate 
g/s/mf 
9.30 
36.78 
20.75 
31.85 
78.75 
Hydraulic 
Shear 
M/m2 
1.96 
6.00 
6.40 
10.10 
14.21 
0+2 
0+4 
0+6 
0+8 
0+10 
19.42 
24.89 
47.82 
59.28 
59.94 
5.00 
5.04 
5.47 
6.48 
7.07 
43.15 
54.83 
97.08 
101.69 
94.16 
4.35 
6.23 
8.03 
10.42 
11.74 
Castana Late 7R 
Rainfall 
Status 
Rill 
Erosion Rill 
Rate Width 
g/s cm 
Rill 
Detachment 
Rate 
g/s/mf 
Hydraulic 
Shear 
N/m2 
R-0 8.95 6.67 6.53 2.71 
R+2 21.88 6.00 31.06 3.00 
R+4 15.11 5.40 20.45 3.42 
R+6 29.82 6.76 40.77 7.78 
R+8 73.02 8.40 90.21 13.12 
0+2 15.78 5.22 33.57 4.50 
0+4 47.67 5.71 92.71 8.03 
0+6 83.22 6.50 142.31 13.00 
0+8 61.56 6.73 101.60 11.00 
0+10 121.33 7.09 190.22 16.62 
Ill 
Castana Late 8L 
Rill 
Rainfall Erosion 
status Rate 
g/s 
R-0 
R+2 
R+4 
R+6 
R+8 
9.67 
21.81 
17.98 
35.75 
50.83 
Rill 
Width 
cm 
6.70 
8.00 
8.58 
9.40 
9.66 
Rill 
Detachment 
Rate 
g/s/m^ 
5.69 
21.90 
15.56 
35.34 
51.77 
Hydraulic 
Shear 
N/mZ 
2.56 
7.00 
8.00 
13.78 
15.07 
0+2 
0+4 
0+6 
0+8 
0+10 
6.15 
23.09 
57.95 
70.59 
65.78 
5.00 
5.01 
6.74 
7.49 
7.93 
13.67 
51.19 
95.49 
104.78 
92.16 
4.25 
8.10 
13.38 
15.35 
17.88 
Castana Late 8R 
Rainfall 
Status 
Rill 
Erosion 
Rate 
g/s 
Rill 
Width 
cm 
Rill 
Detachment 
Rate 
g/B/raf 
Hydraulic 
Shear 
N/m^ 
R-0 8.37 7.12 3.43 4.19 
R+2 19.36 7.03 20.83 6.69 
R+4 25.59 7.46 28.99 10.87 
R+6 72.75 8.35 88.86 15.37 
R+8 97.66 8.36 121.78 16.08 
0+2 9.35 6.17 16.85 4.19 
0+4 34.17 8.03 47.29 8.10 
0+6 54.11 7.43 80.87 11.05 
0+8 106.94 9.18 129.39 14.80 
0+10 113.87 10.13 124.91 18.86 
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Castana Late 9L 
Rainfall 
Status 
R-0 
R+2 
R+4 
R+6 
R+8 
Rill 
Erosion Rill 
Rate Width 
g/s 
8.94 
15.00 
17.00 
17.22 
23.22 
cm 
7.73 
7.50 
8.00 
9.00 
11.58 
Rill 
Detachment 
Rate 
g/s/mr 
6.29 
15.42 
17.32 
15.80 
18.30 
Hydraulic 
Shear 
N/mS 
4.19 
6.00 
7.00 
9.42 
14.22 
0+2 
0+4 
0+6 
0+8 
0+10 
0.21 
6.03 
13.00 
11.99 
16.66 
6.53 
7.55 
9.17 
11.38 
10.69 
0.35 
8.87 
15.75 
11.71 
17.32 
4.00 
8.48 
12.00 
14.00 
15.00 
Castana Late 9R 
Rill 
Rainfall Erosion 
Status Rate 
g/s 
R-0 
R+2 
R+4 
R+6 
R+8 
7.29 
19.48 
19.79 
26.94 
35.08 
Rill 
Width 
cm 
6.32 
5.00 
5.00 
5.25 
6.47 
Rill 
Detachment 
Rate 
g/s/mr 
4.53 
32.49 
33.18 
46.77 
52.16 
Hydraulic 
Shear 
N/mZ 
2.85 
4.00 
5.57 
7.70 
12.96 
0+2 
0+4 
0+6 
0+8 
0+10 
1.61 
9.04 
16.23 
19.92 
25.33 
5.88 
6.09 
6.44 
6.85 
8.58 
3.04 
16.49 
28.01 
32.31 
32.79 
4.00 
10.17 
13.67 
15.79 
15.15 
